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14 PARTS 
PER MILLION 
LONG TERM 
STABILITY 


In Hamner’s N-401 High Voltage Power Supply, stability is unex- 
celled, yet its measurement for the purpose of laying down specific- 
ations posed a great problem. The measurement was made by a 
leading university noted for their precision measurements of atomic 
constants by X-ray methods. The results obtained indicated a basic 
long term stability of *approximately 142 parts per million per day — 
actually more stable than batteries. In the experiment, resistances 
used to attenuate the N-401’s output had been aged and their 
values studied for over 50 years. Temperature was held constant 
to within .05°C. 

Voltage: 500-1800 V, dual polarity 

Current: 0-5 ma 

Noise and Ripple: Less than 1 mv rms at full output 

The N-401 has been designed for use in scintillation and propor- 
tional counting systems, where other systems’ components offer the 
same degree of stability. 
Some of Hamner’s other instruments are described at the right. 
Each instrument has been designed to operate as an independent 
unit or in a system with other Hamner instruments. 


Hamner Electronics Co., Inc. 


Department 10, P. O. Box 531, Princeton, New Jersey 
PEnnington 7-1320 


N-357 ULTRA 
LOW-NOISE 
PREAMPLIFIER 


This unit has been designed especially for 
use with Solid State Detectors. The perform- 
ance of this instrument is unexcelled in 
providing a high S/N ratio. 


Gain: 100 
Risetime: 0.25 Us 
input Capacity: Approx. 20 mmf 
Equivalent input Noise: 20 Uv peak to peak 
Output Pulse Shape: negative, noise to 2.5 
volts, 7 Ms RC decay 
Output Impedance: 100 ohms 


The preamplifier incorporates an adjustable 
bias supply for the solid state detector. 
Pulse shaping has been selected for op- 
timum S/N ratio and to match the input 
requirements of Hamner’s N-300 series 
amplifiers. Tne latter units wili also provide 
suitable B+ and filament voltages for the 
N-357. 


The N-357 is available from stock at a price 
of $300.00 FOB Princeton, New Jersey. 


Automatic Data Handling 

with High-Speed Scaler 

and Crystal-Controlled 
Electronic Timer 


Operating Modes 


Preset Count: 15 settings from 10 to 500,000 
counts. 

Preset Time: 15 settings from 0.1 to 50,000 
seconds. 

Combined Preset Time & Count: Any of the 
time or count settings may be used simulta- 
neously with the system stopping when the first 
preset event occurs. 

Data Print-Out: Both scaler and timer provide 
‘*staircase”’ outputs. Time, counts, or both may 
be printed out or code punched on cards or 
tape. 

Automatic Recycling: The system will recycle 
automatically, if desired, following occurrence 
of a preset event and data print-out. In this 
case, print-out can be cumulative or destruc- 
tive. Both print-out and automatic recycling 
can be used in any mode of operation. 


These units are not only highly flexible but are 
also of the fine research quality typical of all 
Hamner Instruments. Scaler and Timer may be 
used together to provide the operational modes 
listed above. They may also be used indepen- 
dently. 








N. S. SAVANNAH .. . forerunner 
of a nuclear-powered merchant fleet, 
the Savannah’s Pressurized Water 
Reactor (shown) was designed and 
fabricated by Babcock & Wilcox. 





INDIAN POINT POWER STA- 

TION, Consolidated Edison Co.,to @ 3 
serve New York City. Pressurized a - 
Water Thorium Uranium Converter 

Reactor, 163 MW (with an addi- 

tional 112 MW generated from fossil 

fuel). This Reactor was also de- 

signed and fabricated by B&W 


Major experience with the Pressurized Water Reactor system has provided 
The Babcock & Wilcox Company with important data in the search for 
economic application of nuclear energy. 


CONTINUING THEIR LEADERSHIP IN NUCLEAR RESEARCH AND DEVELOP- 
MENT, B&W IS NOW READY TO DISCUSS AN ADVANCED CONCEPT FOR POWER 
REACTOR DESIGN ... ONE THAT WILL DEMONSTRATE MARKED REDUCTIONS 
IN FUEL AND CAPITAL COSTS FOR NUCLEAR POWER STATIONS. 

The Babcock & Wilcox Company, 161 E. 42nd Street, New York 17, N. Y., U.S.A. 


THE BABCOCK & WILCOX COMPANY 
NUCLEAR POWER APPLICATIONS 


Complete nuclear systems, cores, components, fuel elements, nuclear research and development 
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M & C Nuclear — Largest Producer of Co-extruded Fuel 


No idle claim this — M&C Nuclear has fabricated more clad pins, plates, wire, 

rod and tubing by this technique than any other supplier. 

Three complete reactor loadings of co-extruded elements made by M&C Nuclear are in operation — 
and two additional loadings are now being made as a re-order. 

Until recently, elements clad by co-extrusion were laboratory curiosities — now at M&C Nuclear 
they are being manufactured on a production basis. 

We co-extrude tubular uranium aluminum elements of the CP-5 type; plate type cermet elements; 
alloy elements of uranium with zirconium, niobium and molybdenum as pins, tubes or rods. 

We can offer wire fuel elements up to 50 feet in length. 

The advanced state of co-extrusion technology at M&C Nuclear enables us to offer a high degree of 
dimensional control, reproducibility, and quality assurance. Complete facilities are available for 
testing and certification by destructive and non-destructive techniques. 

It might well be of importance for you to consider this at an early stage of your next reactor project. 
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...about NUCLEONICS 


Something Unusual 
We have done something unusual in 
this issue of NUCLEONICS: we have de- 
voted it entirely to contributions from 
one country, Canada. We do this out 
of the conviction, explained in more 
detail on page 51, that nuclear activi- 
ties in Canada are too significant to 
ignore and yet too little known by the 
U. 8. nuclear community at least. 
This issue was first conceived during 
& NUCLEONICcs dinner discussion on The 
Outlook for Competitive Nuclear Power 
(NU Jan. ’60, p. 68). Among the 
participants was W. B. Lewis, Vice- 
President for Research and Develop- 
ment of Atomic Energy of Canada Ltd. 
We were struck by Lewis’ confident 
prediction of achieving economic nu- 
clear power in Canada and his compe- 
tent discussion of the problems that 
had to be resolved. This issue grew 
directly out of those impressions—sup- 
plemented by a lot of hard work, trips 
between New York and Chalk River, 
and the wholehearted cooperation of 





W. B. LEWIS. 
for Canada. 


In things nuclear he speaks 
(Here at Geneva—1958.) 


dozens of nuclear experts in Canada. 

What sort of man is it who caught 
our editorial attention so? Wilfrid 
Bennett Lewis, 52, has directed atomic 
energy research in Canada since 1946. 
Lewis had spent the war years in Britain 
doing radar research, but such was his 
reputation as a physicist (PhD from 
Cambridge in 1934) that John Cock- 
croft recommended him as his successor 
upon retiring as director of Canada’s 
wartime research to head up Harwell. 
(Cockcroft and Lewis had studied to- 
gether under Rutherford at the Caven- 
dish, shared radar work during the 
war.) 

A bachelor, Lewis brings a commit- 
ment to his work that is startling even 
in the nuclear field. The guards at 
Chalk River say that no man spends 
more time on the project than he, and 
Lewis, who used to be a regular con- 
tender (and loser) in the Y-Flyer races 
conducted by the Deep River Yacht 
Club, hasn’t been able to get his boat 
in the water for the past three years. 
But more than time, Lewis brings to 
his job a remarkable depth and under- 
standing that causes him to be able to 
comment effectively on almost all of 
the technical work done under him. 
Authors of Chalk 
papers can count on detailed criticism 
from “W. B.’’—who’ll wade in fear- 


lessly in any field. 


fiver technical 


Lewis has a command of the Cana- 
dian program that borders on omnis- 
cience. A prolific (and able) writer, 


he is Canada’s prime technical spokes- 


man in the nuclear field. 

Canada’s nuclear power program is 
fast growing too big to be contained 
within one man’s grasp, and yet when 
nuclear economic in 
Canada there will be few who will dis- 


power becomes 


pute that it was this man’s brainchild. 
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WRONG Way 10 LICHT A NUCLEAR REACTOR 


Initiating a nuclear reactor fuel fabrication 
program with disregard of the resulting cold 
scrap is like burning money! Davison, as the 
largest reprocessor of uranium cold scrap, quickly 
converts useless, but expensive, uranium scrap into 
AEC credit amounting to thousands of dollars. 

lf you operate a reactor or fabricate fuel for a 
nuclear reactor, you gain a distinct advantage by 
consulting Davison on the economical collection, 
segregation and storage of uranium scrap 

before it is created. Contact Davison today. 


DEPARTMENT A-10 


w.r. GRACE aco. 


DAVISON CHEMICAL DIVISION 
ERWIN, TENNESSEE 
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OPTICAL 
STRAIN-MEASURING 
INSTRUMENT 


Tests tensile properties | 


of radioactive materials 
at reactor temperatures 


This Optical Strain-Measuring Instru- 
ment was designed for nuclear reactor 
development work. It permits precise 
determination of the tensile properties 
of irradiated fuel and structural ma 
terials at reactor temperatures. 


Gaertner Scientific Corporation, de- 
signers of the instrument, had this 
problem to overcome: extremely accu- 
rate measurement of elongation must 
be made even when the specimen itself 
is inaccessible due to radiation and 
temperatures up to 800° C. 


To solve the problem, Gaertner de- 
veloped a special mechanical-optical 
system to measure elongation of a 
specimen with direct reading to 50 
micro-inches. 


The optical system has a working 
’ distance of more than 24 inches, per- 
mitting the insertion of shielding be- 
tween the optical unit and the furnace 
... the light travels through six inches 
of lead-glass shielding and the quartz 
window of the furnace. This allows the 
operator to observe the specimen closely 
and yet be completely safe from 
radiation hazard. 


Wide range measurement is possible 
. .. the micrometer moves through 0.5 
inches for a one-inch specimen. This 
makes it possible to measure elonga- 
tion-to-failure of many irradiated fuels 
and structural materials. 


The Optical Strain-Measuring In- 
strument is one of many precision 
optical instruments designed and man- 
ufactured by Gaertner to measure di- 
mensional changes of specimens under 
various environmental conditions. 


Write for Bulletin 161 


Gaert FRET? 1257 Wrightwood Ave. 


SCIENTIFIC CORPORATION Chicago 14, Illinois 
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Syleor of UO>.» 
| 3.85 m/o Y2Os3. 
| adjusted to give comparable heat rat- 





| ties (95% 


(NUCLEAR REACTIONS 


UO. Additives 
DEAR SIR: 


We have previously reported (NU, 
Nov., 1959, p. 156; H. Shapiro, R. M. 
Powers, SCNC-294, Oct., 1959) that 
increasing amounts of Y.O; (1 and 4 
mol percent) added to UO: increase the 
thermal conductivity of UO». 

Subsequent work has failed to con- 
firm the original results and, in fact, 
has shown that 3.85 m/o additions of 
Y.O;, while somewhat increasing elec- 
tronic-carrier content, reduce the ther- 
The recent 
results have been obtained by addi- 


mal conductivity of UO». 


tional measurements on the Kingery 
longitudinal heat-flow apparatus by 
Y. Cavallaro as well as by in-pile ther- 
mal-conductivity measurements. 

In tests of three identical stoichio- 
metric UO.samples, the original criteria 


| for balance in the Kingery apparatus 


were found to be in error. A stepped 
temperature profile along the guard 


| heater, which was shown to be present 
| when additional thermocouples were 
| inserted, apparently permitted heat 


losses of appreciable size to occur even 
when balances of guard and sample to 
within +1° C were obtained at four 
points along the samples. 
Because of difficulties in 
measurements, paralle] determinations 


these 


| of thermal conductivity were carried 
| out in the hydraulic-rabbit facility at 
| Chalk River, Ontario, under the direc- 


tion of J. A. L. Robertson and A. Bain. 
Duplicate samples were prepared at 
and UOs.o9 containing 
The enrichments were 


The grain sizes of 
doped and undoped samples were 
comparable as were theoretical densi- 
and 97% theoretical, re- 
spectively), and both were prepared by 
comparable sintering methods (sinter- 


ings in all samples. 


| ing of oxide containing excess oxygen as 


sintering aid at 1,300° C in argon 
followed by reduction in an argon- 
hydrogen mixture). Somewhat higher 
porosity was noticeable in the metallog- 
raphy of the Y,0O;-doped samples, 
however 

The sample capsules were irradiated 
in a flux that was found from cobalt 
monitors to be uniform from sample to 
sample. After the capsules were cut 
open, the pellets were photographed in 
the hot cell at Chalk River. 





Incipient melting was observed at 


melting point : - ; 
kd 6 of 18.5 watts/em in 
pellet surface 


the case of stoichiometric UO. while 
melting at 72 watts/cm was determined 
on the 4-m/o-Y.,0;-doped sample from 
the the melted 
Measurements carried out at Sylcor in 


diameter of zone. 
a tungsten resistance furnace showed a 
melting point of 2,698° for UO: and a 
solidus temperature of 2,734° for 
4-mo-Y.O;-doped UO». 

From this information, it was estab- 
lished that the average thermal con- 
ductivity of stoichiometric UO, from 
250° C to its melting point is 10% 
greater than for UO, containing 4 m/o 
Y.0;. In spite of the possibility that 
the presence of more voids in the sample 
containing Y.O; additive would tend to 
lower thermal conductivity, perhaps up 
to 10% relative to UQOs, these results 
on a typical low-valent addition indi- 
cate that a real improvement of UO, 
thermal conductivity by the introduc- 
additional 
unlikely, unless some means is found 


tion of carriers appears 
for introducing an effective room-tem- 
perature carrier content approaching 


-1074 holes/cm?. 


Detailed results of these studies will 
be published in a Sylcor report. 

R. M. Powers, Manager 

Chemistry and Ceramics 


Sylvania-Corning Nuclear Corp. 
Bayside, New York 


Reactor Antibiotics 
DEAR Sir: 


In the summer of 1959, a growth of 
bacteria appeared in one of the auxiliary 
light-water cooling circuits of the Chalk 
River NRU heavy water reactor. A 
comparison of this growth with the 
bacterial ‘“‘infection’”’ of the Omega 
West reactor (E. B. Fowler et al., NU, 
April, 1960, p. 102) shows some inter- 
esting differences. 

The bacterium in NRU 


J—also of the 
genus Pseudomonas—was first noticed 
when stringy growths appeared within 
the rotameters in the water circuit that 
cools rods in the reflector region of the 
reactor. This is a closed circuit nor- 
mally filled with deionized light water. 

When cultured on nutrient agar, the 
organisms grew rapidly at both 75° F 
and 95° F under aerobic conditions, 
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WHICH JOB WOULD YOU TAKE? 


If you’re like most of us, you’d take the 
job with the more tempting salary and 
the brighter future. 

Many college teachers are faced with 
this kind of decision year after year. In 
fact, many of them are virtually bom- 
barded with tempting offers from busi- 
ness and industry. And each year many 
of them, dedicated but discouraged, leave 
the campus for jobs that pay fair, com- 
petitive salaries. 

Can you blame them? 

These men are not opportunists. Most 
of them would do anything in their power 
to continue to teach. But with families 
to feed and clothe and educate, they just 
can’t make a go of it. They are virtually 


Sponsored as a public service, 


forced into better paying fields. 

In the face of this growing teacher 
shortage, college applications are ex- 
pected to double within ten years. 

At the rate we are going, we will soon 
have a very real crisis on our hands. 

We must reverse this disastrous trend. 
You can help. Support the college of your 
choice today. Help it to expand its facili- 
ties and to pay teachers the salaries they 
deserve. Our whole future as a nation 
may depend on it. 


It's important for you to know more about what 
the impending college crisis means to you. Write 
for a free booklet to: HIGHER EDUCATION, 
Box 36, Times Square Station, New York 36, N.Y. 
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in co-operation with the Council for Financial Aid to Education 
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Whether you’re controlling or recording 


... how you can mix electric and pneumatic components 





The introduction of Honeywell’s complete line of 
ElectriK Tel-O-Set instruments makes electric 


and pneumatic components completely compatible. High-Speed 


Now you can add the advantages of electric instru- Electric 
mentation to your present pneumatic systems. Transmission 
Or, if you are designing a new system, you can use 
your favorite pneumatic components in an other- 
wise completely electric system. 

Here’s an example: You have a pneumatic system 
but want to record a key variable on an ElectroniK 
strip chart recorder. The answer is an ElectriK 
Tel-O-Set pressure-to-current (P/I) transducer 
which converts the standard 3-15 psi signal to a 
standard 4-20 ma signal which can be fed to a 
data logger or computer as well as to a potenti- 
ometer. 











These twins have a calibrated accuracy of + !;°; 
of span. They’re completely transistorized for 
long, reliable service. Only two wires, forming a 
series circuit between the two transducers, are 
needed to carry the signal as well as the system’s 
power. Line power is not required in the field. 





Transducers are just part of the story. ElectrikK 
Tel-O-Set transmitters are available to convert 
temperature, pressure, differential pressure, and 
other process variables into a current signal. To 
complete your system, you have a wide choice of 
different types of electric control . . . readouts in- 
cluding meters, indicators, and large case recorders 
. and final control elements. 











Now let’s assume that you are putting in an all- 
electric system but prefer pneumatic control valve 
operators. Here the answer is an easily installed 
ElectriK Tel-O-Set current-to-pressure (I/P) valve 
operator which converts the standard 4-20 ma 
signal to a standard 3-15 psi signal. 





Get complete details from your nearby Honeywell 
field engineer. Call him today . . . he’s as near as 
your phone. 











MINNEAPOLIS-HONEYWELL, Wayne & Windrim 
Used separately, ElectriK Tel-O-Set transducers Avenues, Phila. In Canada, Honeywell Controls 
allow you to easily intermix electric and pneumatic Limited, Toronto 17, Ont. 

components. Used together, in pneumatic loops, 
they give you long distance high-speed trans- 


mission and eliminate the lags inherent in long H 

runs of pneumatic tubing. oneywe 

‘ 3 . . 

| . ‘| Fout i Couttol 





PIONEERING THE FUTURE 
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Forging will perform in Spain 


In the main picture, you see a water wheel shaft as it was rough machined 
in the 120” lathe at U. S. Steel’s Homestead Works. When this USS 
Quality Forging was completed, it was sent to a major power plant 
builder where it became a part of a hydro-electric facility which will be 
erected in Spain. It is used as a connecting shaft between the impeller 
and the electrical generator. When you consider the high torque imposed 
upon it, you realize that this forging must be as nearly perfect as men 
can make it. 

The forging was made from carbon steel cast into a 130” diameter ingot, 
smooth forged, heat treated, and rough machined as you see it here. The 
forging was tested and inspected throughout its processing. As shipped, 





it weighed 126,000 pounds. Five other similar forgings were delivered to 
the power plant builder—a total of 378 tons of water wheel shafting. 


The gentleman shown at the left is positive that 
these forgings will perform satisfactorily. As Man- 
ager of Forgings Metallurgy at U. S. Steel, G. T. 
‘‘Ted’”’ Jones has a real and personal interest in the 
quality of USS Forgings. Water wheels, as well as 
turbine and generator forgings, are produced to 
most exacting specifications, but they are all cap- 
ably handled by U. S. Steel forging experts. These 
same men can handle your forging requirements. 
If you would like additional information about 
USS Quality Forgings, write to United States Steel, 525 William Penn 


Place, Pittsburgh 30, Pennsylvania. USS is a registered trademark 


a | This mark tells you a product 
} is made of modern, dependable Steel. 


United States Stee! Corporation — Pittsburgh 
Columbia-Geneva Steel — San Francisco 
Tennessee Coal & iron — Fairfield, Alabama 
United States Stee! Export Company 


United States Steel 





FOR PULSED NEUTRON & TIME-OF-FLIGHT STUDIES +» GAMMA AND COINCIDENCE PAIR SPECTROSCOPY 


FOR WHOLE BODY COUNTERS + BIOLOGICAL ASSAYS + FALLOUT ANALYSES 


FOR QUALITATIVE AND QUANTITATIVE ANALYSES 


FOR REACTOR CONTROL DESIGN «© FUEL ROD ANALYSIS 


and for other areas 





of research involving 
pulse or time measurements... 


THE TMC MULTICHANNEL ANALYZER 
MODEL CN-110 


First and finest of all transistorized multichannel analyzers, the 
CN-110 is now widely used throughout the U.S., Canada and Europe. 
Its interchangeable plug-in logic, 256-channel basic computer and 
associated data handling units are unconditionally guaranteed 

for two full years and backed by an unequalled service policy. 


Call or write for complete specifications. 


| 7c | TECHNICAL MEASUREMENT CORPORATION 
441 WASHINGTON AVE., NORTH HAVEN, CONN. « CE 9-2501 
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YANKEE ATOMIC ELECTRIC POWER STATION 


USING 1;750,000 MALLINCKRODT 
an FUEL PELLETS 


This reactor, as well as those of Commonwealth Edison Company and Consolidated Edison Company, depends upon 
commercially produced nuclear fuels. The uranium loading of all three will be entirely or in part Mallinckrodt 
processed UO). @ As the roster of reactor projects grows . . . so does the number of Mallinckrodt nuclear customers. 
Whether power, propulsion or experimental—domestic or overseas—Mallinckrodt has unequaled experience in 
producing nuclear fuel materials. @ Mallinckrodt’s new automated pellet plant is producing about half of the UO, 
pellets (3.4% enriched) for the 134,000-kilowatt reactor of Yankee Atomic Electric Company. @ Mallinckrodt now 
offers more than 15 forms of uranium compounds and metal...and can deliver completed fuel elements by 
working with metal fabricators. @ For consultation on nuclear fuel problems, write or call Mallinckrodt. 


MALLINCKRODT NUCLEAR CORPORATION :- ST. LOUIS 7, MO. 
THE WORLD'S FIRST AND LEADING PRODUCER OF NUCLEAR FUELS 
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- Jransistorized . . 


most complete and 
available line of TRANSISTORIZED analyzers 


FULLY TRANSISTORIZED . . . Most of the Pulse Height Analyzers produced today 
cre transistorized units, and fully transistorized units have long been in produc- 
tion at RIDL. Full production of complete system RIDL transistorized multi-channel 
analyzers has allowed RIDL to put many units in the field and to produce additional 
available 200-channel Model 34-8s and 400-channe! Model 34-12s. All models may 
be operated as one, two or four independent analyzers, or as multi-channel 
scalers (time analyzers). All models have all the best features of RIDL’s best 
onalyzers. 
AUTOMATION IN THE LAB .. . RIDL designed the Model 34-8 and Model 34-12 
analyzers to save valuable technical man hours through providing such features 
as Auto-Print, Auto-Record and an automatic transfer circuit. A built-in crystal- 
controlled Live Timer allows automatic dead time correction. The addition of 
automatic background correction allows final data readout without laborious 
manvol corrections or replotting of curves. 
AUTOMATIC DATA PROCESSING .. . RIDL builds on its maximum development 
of automatic data processing and analysis further possibilities for automatic 
data processing. To normal printing and recording is added readout on mag- 
netic tape, punched tape, and parallel or serial entry printers. This allows full 
failsafe channel identification control over programming, internal and external data format, and data processing. 
multeneous oritt Gal Whatever your data readout and processing needs may be, our staff is ready at 
‘rd (OPT all times to discuss them with you. 


@ dead time mete The Model 34-8 and the Model 34-12 are part of the NEW line of instru- 

ments designed and developed by RIDL. Whatever your instrumentation 

problems, RIDL has the solution. Our staff is always available to answer 

free course of instruction your inquiries. For complete information on the Model 34-8 200-Channel 
Analyzer or the Model 34-12 400-Channel Analyzer, write Department JTJ 
today. 


spectrum tr 


> haan Devel aie | 
Kadialtan ~ nilrament ee opment aboratory. - {38 


61 EAST NORTH AVENUE * NORTHLAKE, ILLINOIS 
PHONE: MUrray 11-2323 * Cable Address: RADILAB 
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TubeXperience in Action 


Now INDICATION-FREE tubing 


an extra value in Superior nuclear-quality stainless heat exchanger tubing 


You can now specify indication-free 
Superior nuclear-quality stainless steel heat 
exchanger tubing. When you do, you get 
tubing that has been subjected to the speci- 
fied red or fluorescent dye penetrant inspec- 
tion procedure. All indications have been 
explored and removed within the minimum 
allowable wall thickness. The resultant 
product is considered to be indication-free. 
This eliminates surface defects that may 
lead to stress corrosion cracking, leaks and 
fractures when the tubing is bent. 


Specification STC 104 gives the quality and 
technical requirements of Superior nuclear- 
quality heat exchanger tubing in austenitic 
stainless steels, including Types 304, 304L, 
316, 347 and 348. Write for your copy. Nu- 
clear heat exchanger tubing is available 
in other materials, too. Superior Tube 
Company, 2027 Germantown Ave., Norris- 


town, Pa. 





Some Typical Specifications for Superior Nuclear Quality Heat Exchanger Tubing 





+ CONDITION 


Solution annealed, bright finish. Other tempers 
and finishes can be supplied. 





+ RAW STOCK QUALITY 


Selected raw material with conditioned OD and 
ID. Tested for wall variations and concentricity 
before processing. 





+ FINISH QUALITY 


Commercial tolerances shall be held unless other- 
wise specified. Ovality shall be held within 3% of 
the theoretical average OD. Commercial straight- 
ness shall apply. Dimensional checks shall be 
made on a 100% basis. OD shall be 100% visu- 
ally inspected. 





» CLEANLINESS 


Both inside and outside surfaces shall be bright and 
free from discoloration and carburization, grease, 
dirt, metal particles, and other foreign matter. 





+ FLARING AND FLATTENING 


Two samples from each lot shall be flared 
and flattened. 





+ HYDROSTATIC TESTING 





All tubing shall be hydrostatically tested to work- 
ing pressures. 





Syoervar lade 


The big name in small tubing 


NORRISTOWN, PA. 


All analyses .010 in. to % in. OD—certain analyses in light walls up to 24 in. OD 


West Coast 
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Pacific Tube Company, Los Angeles, California « FIRST STEEL TUBE MILL IN THE WEST 





Installation completed, engineer makes final 
adjustment on General Mills Mechanical Arm. 


Photo courtesy of Atomics International, a division of 
North American Aviation, Inc., Canoga Park, California. 


At Atomics International these General Mills 
Mechanical Arms help solve remote handling problems 


At Atomics International—as in most major 
atomic installations in America—General 
Mills Mechanical Arms lift great weights 
with ease, yet handle fragile materials with 
complete safety. During more than a decade 
of experience in the field, our Nuclear 
Equipment Department has built up a 
wealth of design know-how and engineering 
skill for solving remote handling problems. 

You can best profit from this experience by 
consulting our engineers early in the design 
stage of your nuclear facility. With our 
planning services and full line of manipulat- 
ing devices, chances are we can adapt one of 
our standard Mechanical Arms to meet your 
particular requirements, thereby saving you 
much custom design and engineering work. 
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SIX STANDARD MECHANICAL ARMS — All equipped with electric drives, 
variable speeds, finger tip controls and automatic connections for power tools. 


MODEL 100—complete, low cost system ready for installation. Full cell 
coverage and 200 lbs. lift. 


MODEL 150—Provides maximum manipulating versatility in a minimum of 
space. For example, alpha-gamma handling in a sealed dry-box. 


MODEL 300—General purpose model designed for items from a few ounces 
to 750 lbs. 


MODEL SOO0—A medium sized arm that handles loads up to 2000 lbs. with 
ease and dexterity. 

MODEL 550—Gives great versatility on heavy load applications. Handles 
100 lbs. cantilevered 18 ft. and proportionally higher loads as moment is 
reduced. 


MODEL 700—The strongman of the line, equipped with a special hook 
mechanism for lifting up to 5000 lbs. loads. 


Write for engineering bulletins on all of these Mechanical 
Arms: Nuclear Equipment Department, General Mills, Inc., 
419 North Fifth Street, Minneapolis 1, Minnesota. 


NUCLEAR EQUIPMENT DEPARTMENT 


General 


Mills |] MECHANICAL ARMS 


First In Remote Handling 
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The experienced and complete 


shielding guidance you need: 


FEDERATED LEAD 
FOR RADIATION PROTECTION 


Federated can help you design structures or devices to house, 
handle, or transport radioactive materials. Federated has de 
signed Interlocking Lead Bricks* and other unique lead protec- 
tive products. They include convenient lead containers, one pound 
to 10 ton casks, and larger to your precise specifications. Also 
available are cast, rolled, and extruded lead sheets, plates, and 
piping. Asarco’s Central Research Laboratory offers a wealth of 
nformation and shielding guidance. Write or call Federated Metals 
Division, American Smelting and Refining Company, 120 Broad- 
way, New York 5, REctor 2-9500, or call your nearest Federated 
sales office 


INILTIBWS NYDN awyv 


o 


Patent Pending 


ANVAGWOD ONINIASY ONY 


FEDERATED METALS DIVISION 


Where to call for information: 


LOS ANGELES 23, CALIF 
Angelus 8-4291 


PORTLAND 9, OREGON 
Capitol 7-1404 


WHITING, IND. (CHICAGO) 


N, ILLINOIS CINCINNATI, OHIO 
“ Whiting: Whiting 826 


Howard 5-2511 Cherry 1-1678 


ar 


Jackson 4-404 CLEVELAND, OHIO 


Prospect 1-2175 
DALLAS, TEXAS 
Adams 5-5034 
DETROIT 2, MICHIGAN 
Trinity 1-5040 

EL PASO, TEXAS 
(Asarco Mercantile Co.) 
3-1852 

HOUSTON 29, TEXAS 
Orchard 4-7611 


MILWAUKEE 10, WIS 
Hilltop 5-7430 
MINNEAPOLIS, MINN 
Tuxedo 1-4109 

NEWARK, NEW JERSEY 
Newark: Mitchell 3-0500 
New York: Digby 4-9460 
PHILADELPHIA 3, PENNA 
Locust 7-5129 
PITTSBURGH 24, PENNA 
Museum 2-2410 


ROCHESTER 4, NEW YORK 
Locust 5250 


ST. LOUIS, MISSOURI 
Jackson 4-4040 

SALT LAKE CITY 1, UTAH 
Empire 4-3601 

SAN FRANCISCO 24, CALIF 
Atwater 2-3340 

SEATTLE 4, WASHINGTON 
Main 3-7160 


Chicago: Essex 5-5000 


IN CANADA: Federated 
Metais Canada, Ltd 
Toronto, Ont., 1110 
Birchmount Rd., 
Scarborough, Phone 
Piymouth 73246 


Montreal, P.Q., 1400 
Norman St., Lachine, 
Phone: Melrose 7-3591 





NEW LOOK IN NUCLEAR SUBS .. . The Navy’s 
new submarine Skipjack, built by General Dynamics 
Corporation's Electric Boat Division in Groton, 


Connecticut, features a revolutionary blimp-shaped hull 


and diving planes on the sail (formerly known as 
the conning tower). Although her speed is classified 


Skipjack is the fastest of the A-Subs 








“HYDROFORGED” 


FINE-GRAIN 
STAINLESS PIPE FOR 
THE NUCLEAR NAVY* 


THE PROCESS: The starting point is a high quality machined hollow billet 
made centrifugally which is cold expanded by hydrostatic pressures up to 50,000 
PSI in specially designed massive metal dies. After ‘“hydroforging”, the pipe is 
given a recrystallizing anneal which results in the grain refinement character- 
istic of wrought stainless steel. 


THE PRODUCT: After final machining of the O. D. and I. D. surfaces to 125 

micro inch finish, the pipe is subjected to all the testing requirements of Military 

Specification MIL-T-18063A (Ships) which covers seamless austenitic steel tubes 

and pipe intended for radioactive system service. This specification includes: 

chemical analysis, tensile properties (for Type 304 stainless steel—75,000 PSI mini- 
mum tensile strength, 30,000 PSI minimum 
yield strength, 35% minimum elongation), 
expanding and flattening tests, hydrostatic 
pressure test, intergranular corrosion test, 
macro-etch, ultrasonic and liquid penetrant 
examination. 


* U. S. NAVY SERVICE APPLICATIONS 
FOR HYDROFORGED STAINLESS INCLUDE: 
Pipe for valve operating system reservoirs and primary water 
preheaters 

Primary coolant piping for nuclear submarines and surface 
ships 

Seamless welding fitting stock for large diameter reactor 
piping systems for submarines and surface ships 


Demineralizer shells 





*Military Compact Reactor, a mobile, lightweight plant of 2,000 to 3,000 ekw, is being de- 
signed and developed by Nuclear Development Corporation of America (NDA) and General 
Motors as part of the U.S.A.E.C.—U.S. Army program to develop nuclear power for military 
use. Successful development would represent a significant advance in reactor technology 
and could be capable of fulfilling a variety of important military applications. 


We would welcome the opportunity of discussing significant career positions with qualified 
reactor and shielding physicists, programmers and nuclear engineers. 
Contact David Keller, Director of Personnel 
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AEC Tightens Reactor-Change Procedure; Industry Up in Arms 

Industrial reactor operators are up in arms about a new requirement 
AEC is introducing that all changes or modifications in reactor design 
or operation—not alone those heretofore considered major—be made 
subject to prior approval from the Commission, in writing. 


Qualified observers say the new 
principle might, in one year, set a 
company’s program back several 
months—not to speak of direct costs 
in document preparation, legal talent, 
etc. 

The new principle was laid down 
by the four-man Commission contrary 
to the recommendation of the AEC 
staff. It is being applied first to Gen- 
eral Electric’s Vallecitos Boiling Water 
Reactor and to the Westinghouse Test 
Reactor; but, to be consistent, AEC 
presumably intends to apply it to all 
reactors. Both GE and Westing- 
house are appealing. 

The sequence of events in the mat- 
ter began with a hearing in April and 
May this year before AEC Hearing 
Examiner Samuel W. Jensch on the 
VBWR. Prior to the hearing, 
VBWR’s license had set up two types 
of changes or modifications: 1. On 
those involving changes or modifica- 
tions to “the design or performance 
specifications or operating limits or 
procedures described in this license 
or the final hazards summary report,” 
written authorization from AEC was 
required, involving amendment of the 
license. 2. On other changes to “the 
facility’s design, core design, or per- 
formance specifications or operating 
limits or procedures,” GE could make 
them without prior reference to AEC 
if it could make certain defined de- 
terminations regarding absence of in- 
creased hazard—otherwise it had to 
file a report in advance with AEC 
on the proposed change; if it didn’t 
hear in 15 days, it could assume AEC 
approval. 

Jensch, in his intermediate decision 
on VBWR June 12, eliminated CE’s 
right of self-regulation on “minor” 
changes and made advance reporting 
to AEC required in every case, al- 
though still subject, for minor 
changes, to the 15-day procedure as- 
— tacit approval. GE —— 
the ruling, and was supported in the 
principal points of its brief by the 
AEC staff 


The Commission Rules 
The matter then went to the Com- 
mission itself. That body, in a unan- 
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imous decision Aug. 18 by Commis- 
sioners Olson, Wilson and Graham, 
with Chairman McCone absent, de- 
cided to eliminate the 15-day rule 
altogether and to require approval of 
the Director of AEC’s Division of Li- 
censing and Regulation, Harold L. 
Price, in every case. 

It is understood that the Commis- 
sion’s motive in so doing was to relax, 
rather than to tighten the Jensch rule 
—that the Commission sought to 
eliminate 15 days of certain dela 
and substitute “informal” approval, 
ie., oral, telephonic or telegraphic. 
But the Commission order contained 
the phrase that changes “would be 
approved and made a part of the 
record”"—a phrase that effectively 
rules out A pe. telephonic communi- 
cations, although covering telegrams 
or teletypes. Industry feels strongly 
that whatever the new rule’s inten- 
tions, it is certain to breed increased 
delay, not to cut it. 

Implementing the Commission’s 
order with respect to the VBWR li- 
cense, a notice in the Federal Regis- 
ter of Sept. 10 says no change may 


be made with respect to any matters 
not specifically covered in the para- 
graph on “major” changes without 
written authorization of the Director 
of the Division of Licensing and Reg- 
ulation. 


Westinghouse, Too 

In the meantime, Westinghouse 
Test Reactor officials have received 
notification from AEC that their fa- 
cility would also be made subject to 
the new procedure unless Westing- 
house objected in 30 days. Mg mea 
house is filing objections; GE has al- 
ready asked for oral argument before 
the four-man Commission. 

Commented one industry official, 
“As the rules are now written, we 
couldn’t change a valve in the heat- 
ing plant or a tile on the floor with- 
out approval. We'd have to send a 
station wagon to Washington twice a 
day with change requests.” This 
from an operating-level man. Said a 

olicy-level man, “It might be so 
fectly satisfactory—it depends on how 
it’s administered. It's clear that if 
it’s interpreted so that not only 
changes of substances, but all 
changes, have to be cleared—so that 
we have to 2 a once a day or even 
once a week—we have a serious 
problem. But I believe that when it 
shakes down it might not be so bad.” 


Oak Ridge planning fused-salt reactor experiment 

A 5-10-Mwth fused-salt reactor experiment is planned for 
construction at Oak Ridge National Laboratory, scheduled for 
operation in 1963. The plan is subject to AEC appoval but de- 
sign work is going ahead, pending such approval. Design 
characteristics include: primary and secondary fluoride salt 
systems, with a mixture of uranium, thorium, beryllium, zir- 
conium and lithium in the primary and the same mixture with- 
out fuel materials in the secondary; primary system temperature 
of 1,200° F, secondary of 1,100°, and steam of 1,000-1,050°; 
thermal efficiency of 40%; and extensive use of INOR-S, a nickel- 
chromium-molybdenum alloy developed by ORNL and several 
private firms. High hopes are held for savings in fuel costs. 


ESUPRA nearing decision on power reactor 

The seven-utility ESUPRA group of New York State (NU, 
Feb. 60, 27) neared a decision last month on whether to order 
a power reactor of 300-Mwe-plus. The group was completing 
study of five industry proposals: Atomics International (sodium- 
graphite), Babcock & Wilcox (spectrum shift), General Atomic 
(gas-cooled ), General Electric (saturated steam and/or nuclear 
superheat) and Westinghouse (pressurized water). 





GE, AIF, Chamber Lead Mounting Public-relations Activity 


The mounting concern of the nuclear industry toward a generally 
negative public attitude on atomic energy has spurred the industry to 


concrete action. 


In a series of developments last month intended to 


bring public recognition of the atom’s benefits and the nuclear industry's 


fine safety record: 

1. General Electric announced it 
had had a national survey conducted 
to indicate the direction and depth 
of public nuclear opinion and, as a 
result of the survey (plus a series of 
recent incidents indicating a public- 
relations problem) was preparing a 
16-page brochure for dissemination 
by itself and others in the industry. 
Simultaneously, GE proposed modifi- 
cation of the “Live Better Electri- 
cally” symbol to make it a nuclear 
symbol—by adding “Citizen Atom,” 
the theme of the new brochure, and 
two symbols suggesting the atom’s 
value in peaceful and military fields. 

2. The Atomic Industrial Forum 
disclosed that it was considering, in 
cooperation with AEC and the U. S. 
Information Agency, the filming of a 
28-min color movie giving a straight- 
forward report on radiation and nu- 
clear energy. Still in a preliminary 
stage, the film would be funded about 
equally by each of the three sponsors, 
but AIF would direct its filming. 

3. The Forum also said it was par- 
ticipating in the “Citizen Atom” cam- 
paign by, first, giving its endorsement 
and, secondly, by inviting all forum 
members to order reprints of the bro- 
chure. GE has scheduled publica- 
tion of the pamphlet as a Sunday 
supplement in the New York Times 
Dec. 11—a circulation of about 1.5- 
million copies. GE hopes that at 
least 3.5-million more copies will be 
circulated by itself, by utilities and 
by other manufacturers and others in 
the industry. The brochure (see 
foto) has been designed to carry GE’s 
name only on the covers, so it can be 
easily made available without the GE 
name for distribution by others. 
Cost of reprints from the Times 
(available in late November) is $24 
per 1,000 copies. 

4. A new task force of the nuclear 
committee, U. S. Chamber of Com- 
merce, was formed to develop public- 
opinion projects—the “Task Force on 
Public Understanding of Atomic En- 
ergy,” which held its organizational 
meeting Aug. 29 under Chairman 
S. N. Fiala, vice president and chief 
engineer of American Electric Power 
Co. 

The Industry's Purpose 

In a letter to the task force mem- 
bers, the Chamber’s nuclear-commit- 
tee chairman, Edgar Lee Dessen, de- 
fined the force’s purpose (and, unin- 
tentionally, the purpose of the other 


22 


efforts now being mounted by GE, 
AIF, and others): “It is our belief 
that the public is in need of more 
factual information concerning the 
benefits of atomic energy applications 
and the safety-record of industry in 
this field. As you know, there has 
been a great deal of misinformation 
about the hazards of atomic energy 
that threatens industrial applications. 
It is our hope that this task force will 








Peacetime Atomic Energy 
and W hes it Means 


to Peaple, 
Places and Progrem 


CITIZEN ATOM: To run first as insert in 
New York Times, GE hopes for dissem- 
ination by entire industry 


review available material on this sub- 
ject and suggest what else should be 
done to help in attaining a better 
public understanding of atomic en- 
ergy. 

As Dessen implies in his letter, the 
industry is not out to “white-wash” 
nuclear activities nor to convince the 
public that there is nothing to worry 
about. Rather, the intent appears to 
be to demonstrate that nuclear activi- 
ties can be conducted with safety (by 
reporting on the industry safety rec- 
ord) and that the benefits of this 
technology outweigh the risks (by re- 
porting on the uses of nuclear en- 
ergy). 

More and more nuclear industrial- 
ists are expressing misgivings about 
the public reaction to nuclear inci- 
dents, particularly the possible effects 
on regulation of the industry should 
a widespread negative attitude take 
hold. Many feel the problem of 
over-conservative regulation already 
exists for the industry (see page 21) 
and could easily worsen ll. there 
is a formal, well-funded, several-sided 
campaign to inform the public of 


the positive, as well as negative, as- 
pects of the atom. 


GE's Nationwide Survey 

The GE survey—the first in five 
years nationwide—was conducted 
after the idea took hold within the 
company that the industry's progress 
was “no longer solely dependent upon 
the technical competence and legis- 
lative success of a knowledgeable 
few, but depends upon the under- 
standing, acceptance and confidence 
of an, as yet, unknowledgeable pub- 
lic.” 

GE commissioned a Philadelphia 
survey firm to contact 1,500 house- 
holds by phone and ask a series of 
18 questions. This was done on May 
9-19, the interviews running as long 
as 80 min with men and women in 
285 counties and two independent 
cities. Completed interviews totalled 
1,300, which purportedly projects to 
129,000,000 persons twelve years or 
older, or more than 75% of the adult 
population. Over-all, the survey in- 
dicated that a large segment of the 
population has an entirely negative 
attitude toward atomic energy and 
another large segment has no feeling 
for it at all. Only 23% expressed a 
purely positive attitude. 

“What does atomic energy mean to 
you?”, was probably the most im- 
portant question asked. The 25% 
negative response included such com- 
ments as: “It is a terrible thing”; “I 
am scared to death of it”; “Trouble 
with a capital ‘T.’” The 23% posi- 
tive response included: “Progress in 
capital Letters”; “Something that will 
open up an entire new future for the 
world in a good direction”; “An 
abundant source of electric power.” 
Another 13% reacted both ways 
“Man’s best friend and man’s worst 
enemy’) and 26% had no reaction. 

A series of six questions on military 
and peaceful uses of atomic energy 
indicated that: 1. there is over- 
whelming support for nuclear weap- 
ons in the defense arsenal; 2. more 
than half the population feels that 
working in a nuclear plant is not as 
safe as working elsewhere; 3. half 
the population feels nuclear power 
will mean cheaper electricity; 4. that 
70% feels that stocks of nuclear com- 
panies are good investments (an in- 
teresting positive reaction); 5. that, 
as with the military atom, there is 
an overwhelming desire (84%) to see 
the U. S. donde peaceful uses of 
atomic energy for “world-wide pres- 
tige”; and 6. that 62% of those inter- 
viewed agree that atomic power 
should be used to produce electricity 
(only 6% disagreeing but 32% having 
no opinion). 
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Some ’60 AEC Reactors Still Stalled; Los Angeles Set Back 


The projects comprising AEC’s 1960 reactor program, which had been 
proceeding slowly enough already—with several of them stalled—last 
month saw one of them unexpectedly shift into reverse and move a step 
backward. In a most unusual, perhaps unprecedented step, AEC on 


July 21 recalled the draft contract 
with General Electric it had sub- 
mitted to the Joint Committee June 
21 for its approval of the terms under 
which GE would build the 50~-75- 
Mwe Improved Cycle Boiling Water 
Reactor at Saugus, Calif, for opera- 
tion by Los Angeles Dept. of Water 
& Power and Pasadena Municipal 
Light & Power Dept. 

The recall came just in time to 
head off an investigation by Rep. 
Chet Holifield, next year’s chairman- 
presumptive of JCAE, whose con- 
stituency falls within LADWP’s sys- 
tem area. It started after two of the 
three disappointed also-ran bidders— 
Allis-Chalmers and Combustion Engi- 
neering (Westinghouse was the third) 
-had called attention to certain 
“arithmetical errors” in the proposed 
contract. The errors were under- 
stood to involve transposition of two 
digits in a figure for Fuel cost in (or 
close to) the final-column summaries, 
where addition of the column re- 
sulted in propagation of the error and 
its introduction into the final cost fig- 
ures. The recall left a slight shadow 
of doubt whether GE would build 
the reactor, although Washington ob- 
servers felt it was unlikely that an- 
other manufacturer would carry off 
the prize. 

Allis-Chalmers, in a letter it wrote 
to the Commission (a letter later 
circularized to members of JCAE) 
said it had offered to build the 
ICBWR for $1-million less than the 
announced contract prize to GE. 
(Total price of the reactor to AEC 
had previously been given as $12.5- 
million including the first core and 
some spares, with the two utilities 
each contributing another $5-million 
toward the turbogenerator set.) 

It was pointed out, however, that 
AEC had made its selection not solely 
on the basis of price but also on 
contribution to advancing the art; 
features of the GE design such as 
internal steam separation were re- 
ported to have weighed heavily in its 
selection. 

The matter was still under “re- 
review” by the Commission as this 
issue went to press. 

Meanwhile, the General Accounting 
Office reported informally to JCAE 
on the situation after “taking a look 
lightly” at the selection process. 
Such a look does not constitute an 
investigation. 


At least tacit approval (through 
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the lying-before-JCAE-30-days de- 
vice) of Congress is required before 
anything could be done to begin plant 
construction, and with Congress now 
out of session this would delay com- 
mencement of work until the new 
Congress convenes next year. How- 
ever, it is generally felt that JCAE 
would grant waiver of the 30-day 
rule once AEC has completed its 
study of the contract situation. 


Other Projects 


SSPWR. The 16.5-Mwe Small-Size 
Pressurized Water Reactor has been 
stalled awaiting a decision on which 
public utility—the municipal power 
department of Jamestown, N. Y., or 
Dairyland Power Cooperative of La- 
Crosse, Wis.—will get the nod from 
AEC to have the reactor built on its 
site, provide a turbogenerator set, 
and operate the whole plant. James- 
town’s proposal is preferred by AEC 
because the city, being in a higher- 
cost-power area, made a better offer 
on the price it will pay AEC, the re- 
actor owner, for steam. But its site 
has twice been informally turned 
down by the Advisory Committee on 
Reactor Safeguards. Dairyland’s site, 
on the other hand, has gotten an in- 
formal green light by ACRS. 

AEC may ask Jamestown to try 
to find another site outside the city, 
further from the built-up areas (but 
this is understood to involve prob- 
lems of land annexation, taxes, etc.); 
it may approach Dairyland for more 
favorable terms; or it may negotiate 
with both simultaneously. 

American-Standard or Alco Prod- 
ucts is believed to be AEC’s choice to 
build the reactor. They were among 


VBWR, SRE go critical again 
After long shut-down periods, Vallecitos Boiling Water Re- 
actor and Sodium Reactor Experiment came back to criticality. 
VBWR underwent a 10-month, $1-million modification: a new 


core structure, new circulating water pumps. 


five bidders on SSPWR, with Allis- 
Chalmers, Martin, and Westinghouse. 

Construction start on SSPWR has 
now fallen six months behind the 
original May 1960 date listed in ini- 
tial schedules. 

ELPHR. The Experimental Low- 
temperature Process Heat Reactor, 
driven out of its prospective site at 
Pt. Loma, Calif., by ACRS and Navy 
opposition (NU, April ’60, 30; map, 
NU Wk, 24 March 60, 1), is still 
homeless. AEC is now studying sev- 
eral Commission sites, to determine 
which could make best use of the 
process steam. AEC’s partnership 
with Interior Dept. to use desalini- 
zation of water as the first demon- 
stration task for nuclear process steam 
has now evaporated. AEC’s ELPHR 
will be put to some other process use, 
and its size may be changed. A high 
AEC official said there is a “very 
good chance” the project will go for- 
ward. It requires approval by the 
four-man Commission. 

IOR. The Intermediate Organic 
moderated and cooled Reactor, a 50- 
75-Mwe unit in which public utilities 
had failed to show any interest on 
AEC’s first invitation, is now planned 
for construction by AEC. A recom- 
mendation that it be built has gone 
from the staff to the four-man Com- 
mission. A yes-or-no decision is ex- 
pected by oo 1. Advances in re- 
search-development on a _ proposed 
core using sintered aluminum powder 
cladding is expected to favor an af- 
firmative decision. Meanwhile AEC 
is shopping for an architect-engineer, 
and would still like to hear from any 
interested public utility. 

EOCR. The Experimental Organic 
Cooled Reactor, a 20—40-Mwth non- 
power-generating facility for experi- 
mentation to develop economic or- 
soe! ~ ep reactors, is moving ahead 
smoothly on design work and a con- 
struction start in early spring is 
planned. 


SRE, following 


core repairs and replacement of 16 graphite moderators cans 
necessitated by the July, 1959, accident (NU, Dec. ’59, 23), went 
critical on its second core. This thorium-uranium loading, using 
five-rod metallic clusters containing 7.6% by weight U in Th, 
as against the first core’s seven-rod clusters of pure U metal. 
Nuclear propulsion for B-70 bomber studied 

North American Aviation (Atomics International's parent 
firm) has completed a 6-month, $200,000 Air Force feasibility 
study on nuclear propulsion in the planned B-70 bomber. 





Purdue Team Produces Controversial Report on Legislation 


A preliminary but provocative report on atomic en- 
ergy legislation and on the overall nuclear effort in the 
U. S. was completed five months ago for President 
Frederick L. Hovde of Purdue Univ. and the Atomic 
Industrial Forum. Despite an extremely limited circu- 
lation (only Forum directors have seen it officially), the 
5l-page report has become a controversial industry 
document of a “sweep-it-under-the-rug” nature and has 
prompted outspoken misgivings among some industry 
ileaders toward Purdue’s plans to follow it with a more 
comprehensive study. 

Authors of the report were Ralph K. Davidson, an 
assistant dean of Purdue’s Graduate School, and Wal- 
ter H. Warrick, a graduate student in the School of In- 
dustrial Management. They prepared it early this 
spring and presented it to Hovde after four months of 
work—interviews with industry and government officials 
and reading of pertinent documents. Hovde had agreed 
to ask his » dad so make the effort at the request of the 
Forum (NU, Aug. ’59, 20). 

Since, as the report’s foreword stresses, it is a “pre- 
liminary report” which “is intended as a point of de- 
parture for a full scale review of atomic legislation,” 
Purdue is in the process of seeking a Ford Foundation 
grant to support a full-blown study. This would take an 
estimated 12-30 months, depending on the numbers of 
— assigned to it, and would involve the use of 
egal, nuclear-engineering and other consultants off the 
Purdue campus. 


INDUSTRY REACTION MIXED 

The majority industry reaction to the preliminary 
effort was summed up by an industry official last month: 
“The report is a rather naive, unsophisticated approach 
to a complicated problem [nuclear legislation] by people 
who are not close to the industry.” However, there are 
some industry leaders who have welcomed the report 
for chiefly two reasons: 1. it was an academic, honest 
attempt to reflect the opinions of industry executives; 
and 2. it raises basic questions about the nuclear pro- 
gram which industry should not ignore. A sympathetic 
industry leader commented: 

“Sure there is criticism [of the report]. But, in my 
opinion, this is the kind of criticism you get when you 
get up in the morning and look at yourself in the 
mirror and say: “Who is this horrible creature?’. When 
you get this kind of mirror [from talking to industry 
executives], you know very well something needs to be 
done. . . . This emphasizes the shallowness of the think- 
ing going on and the need for some deep thinking.” 

Purdue was asked to conduct the study, it was pointed 
out, because an analysis of the 1954 Atomic Energy Act 
and the effects of its provisions, “has to be done by some 
non-committed organization.” If such an effort were 
sponsored or financed by the Forum, it was emphasized, 
its effectiveness would be impaired. The Forum recog- 


PURDUE'S Hovde and study team Davidson, Warrick 
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An Academic Look at Nuclear Energy 


Running through the Purdue report, particularly 
in the two sections preceding specific suggestions for 
areas of legislative study, are several particularly 
pointed comments on the nuclear program: 

“Taking a general view of the ‘race’ [for interna- 
tional leadership] as it looks today, it appears to be 
one in which all the contestants are walking.” 

“The apparent loss of momentum of the atomic en- 
ergy program suggests an examination of the extent 
to which the [1954] Act was successful in promoting 
an ‘atomic industry’ in the U. S.” 

“When, with the enactment of the [1954] Act, the 
government began to encourage the private sector to 
take part in the development of atomic power... . 
it seems apparent that there was widespread over- 
optimism as to the investment in time and resources 
which would be necessary to reach the goal of eco- 
nomically competitive power, and the willingness of the 
private sector to make the investment.” 

“Since additional government support for the de- 
velopment of the peaceable atom will be at the ex- 
pense of other, potentially worthwhile projects, a care- 
ful analysis deserves to be made before responding 
to industry's request for additional government in- 
centives. Five years of experience and expense and 
the literal appearance of a new star in the firmament 
[the space program] have dulled the glamor of the 
atom and permit the realistic appraisal which was not 
possible amid the hopes and fears of 1953-54.” 











nizes, this official said, “that it can’t control the study or 
sponsor it.” 


THE REPORT'S SUBSTANCE 

Davidson and Warrick used some strong language in 
appraising the U. S. nuclear program and summarizing 
their findings. “After five years of experience [under 
the 1954 Act],” they said, “no part of the reactor fabri- 
cation and supply industry has reached the point of 
profitable operation and only one sizeable reactor wholly 
financed by private industry has been completed. Fur- 
thermore, at the present time it seems generally agreed 
that no sudden breakthrough into the achievement of a 
readily portable, inexhaustible, inexpensive power source 
is likely. Atomic power technology has not developed 
with the rapidity hopefully anticipated by many in the 
period 1953-54. 

“In the U. S., at current prices, plentiful supplies of 
fossil fuels exist, thus eliminating economic pressure for 
a strong federal effort to promote early, large-scale do- 
mestic expansion of nuclear power utilization. On the 
other hand, the development of economically competi- 
tive electric power from a nuclear source may have suf- 
ficient international political impact to provide a case 
for such an effort. If this is so, the benefits gained from 
government expenditure on atomic power development 
must be weighed against the advantages to be derived 
from expenditure of government effort upon such proj- 
ects as the space race, which are also justified on the 
basis of national prestige and potential scientific gain.” 

Turning from this allusion to the space program as a 
new competitor with nuclear energy for government dol- 
lars, Davidson and Warrick concluded that competitive 
nuclear power could be attained most efficiently by as- 
signing clearly to government and industry their respec- 
tive research-and-development roles. 

“The governmental role is best adapted,” they pointed 
out, “to activities resulting in no immediate payout and 
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those involving long or wide ranging responsibilities to 
the nation. In the atomic field, this would involve such 
things as broad guage or basic research, waste disposal 
and public health and safety. On the other hand, the 
special talents of private enterprise seem generally to 
be in applied research and in reducing the costs of 
fabrication and utilization. 

“It is upon the basis of optimizing the division of ef- 
fort between government and the atomic industry that a 
detailed reexamination of the law is suggested.” 


OTHER RECOMMENDATIONS 


The Purdue team made these other recommendations 
on areas of nuclear legislation that might or might not 
require further, more Tetailed examination beyond their 
preliminary study: 

1. Patents. While many believe the departure from 
normal patent procedure has inhibited — of firms into 
the business, experience under the law “indicates the de- 
velopment of a patent policy which the industry can 
‘live with.”” At least for domestic patenting, “it does 
not seem that a reexamination of . . . policy would 
be useful at this time.” For foreign patent policy, 
where industry has several complaints, farther investi- 
gation of the . . . situation is indicated.” 

2. Information. An excess of red tape exists in some 
areas and “a systematic examination of the information 
service practices of AEC might suggest positive tech- 
niques for organization and dissemination of pertinent 
information to groups who could make the most use 


of it.” The team was not specific on red tape. 

3. Subsidy. . a possible revision of the subsidy 
provisions of the 1954 Act to permit further aid [to in- 
dustry] should have a high priority in a study under- 
taken at this time.” The report said a capital subsidy 
to both reactor manufacturer and utility would recognize 
the special interests of each in a given project; it would 
also a recognition, the report suggested, that the 
various forms of government aid to date have not only 
had “practical difficulties” but also led to Lay com- 
petition between the government and in —— ” Any 
capital subsidy should offer “fractional rather than com- 
plete coverage of the differential between a conventional 
and a nuclear plant in order to mimimize the bias in 
favor of a high capital cost plant.” 

Regulation. “The knottiest potential hindrance to 
atomic progress is provided by the health and safety 
regulations.” While the public safety should be upper- 
most there are suggestions that some regulations “are 
either overly cumbersome or impracticable. . . . A de- 
tailed examination of the safety and licensing oye 
of AEC should provide some useful suggestions for alter- 
ing the pattern of regulation if not the substance of the 
~~ 

Anti-monopoly. “The specific anti-monopoly provi- 
sions of the Act . . . seem in themselves to have pro- 
vided no serious impediment to industrial development 
of atomic energy. . . . Here, as in the case of the [do- 
mestic] patent provisions, seems to be a place to let 
sleeping dogs lie.” 


New Canadian Association Founded to Represent Industry 


To stimulate Canada’s growing nuclear industry, to keep members 
of that industry currently informed of developments, to coordinate the 
common interests of all organizations and individuals interested in 
Canadian nuclear progress, the Canadian Nuclear Association was 


and predicts expenditure of more 
than $120-million on nuclear power 
development in the next five years. 
CNA’s aims were set out by the 
early September meeting of the board 


founded last month. 


Spokesmen said the objectives 
of CNA are broadly similar to those 


of the Atomic Industrial Forum, 
though applied specifically to Cana- 
dian conditions. However, they in- 
dicated that CNA might differ sig- 
nificantly from AIF in one respect, 
in that it’s hoped it would take posi- 
tions and vigorously uphold its point 
of view—eschewing AIF’s nonpar- 
tisan, above-the-smoke-of-battle ap- 
proach. CNA will also “seek the 
establishment of a public attitude” 
supporting “continuous and planned 
increase” in construction of nuclear 
power plants. 

A steering committee, the list of 
whose members reads like an honor 
roll of Canadian nuclear industrialists, 
had been working to set CNA on its 
feet since the first Canadian confer- 
ence on uranium and atomic energy 
held in Toronto in oa (NU, 
June '60, 27). Its efforts bore fruit 
at a Toronto meeting Sept. 7, when 
the steering committee became an 
advisory committee, and a new board 
of directors was named with Ian F. 
McRae, chairman of the Board of 
Canadian General Electric, as presi- 
dent; and Hon. Robert Macaulay, 
Ontario Minister of Energy Resources 
and vice chairman of Ontario Hydro, 
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CANADA'S MacRae, Macaulay, elected 
to top Association posts 


as vice president. A search is on for 
a full-time general manager. 


Membership Drive 

A preliminary survey of interest in 
membership showed 163 favorable 
replies from industrial and te 
mental organizations plus another 21 
from universities. More than 400 
firms are serving as suppliers to 
Canada’s first power reactor, the 20- 
Mwe Nuclear Power Demonstration 
Reactor (NPD), and a membership 
drive to reach this broad base for 
potential members is to be launched 
shortly. Moreover the base itself is 
expected to grow: CNA points out 
the $80-million Douglas Point reactor 
(200 Mwe) is to be started this year, 


of directors as follows: 

“1. Promote and foster an environ- 
ment favorable to the healthy growth 
of the uses of nuclear energy and 
radioisotopes. 

“2. Encourage cooperation between 
the various industries, utilities, educa- 
tional institutions, government de- 
partments and agencies, and other 
authoritative bodies that have a 
common interest in the development 
of economic nuclear power and uses 
of radioisotopes. 

“— Provide a forum for the dis- 
cussion and resolution of problems 
which are of concern to the members, 
to the industry or to the Canadian 
public generally. 

“4. Cooperate with other associa- 
tions that have similar objectives and 
purposes, aS the U. S. 
Atomic Industrial Forum and the 
European Forum.” 

To achieve these ends, CNA will 
assist in analyzing major industry 
problems, setting up study groups 
where necessary; publish a journal; 
offer aid in drafting special regula- 
tions affecting member organizations; 
act as an information center for mem- 
bers; and arrange conferences and 
meetings, including an annual con- 
ference with both technical and non- 
technical papers and discussions, etc. 
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Instrument Industry Maturing, But Speedy Growth Continues 


The radiation-instrument industry is going through a maturing proc- 
ess that is manifesting itself in a variety of ways. Whether this is a 
“revolution” or “evolution” is not certain (and probably academic), but 
an informal NUCLEONICs survey of instrument executives—primarily in 


the Chicago area—brought some—— — — 


frank talk of an industry domi- 
nated by sheer dynamics and growth. 
Some survey highlights: 

@ In a somewhat schizophrenic dis- 
play, the industry is experiencing a 
“shakeout” or consolidation, on the 
one hand, and a continuing forma- 
tion of new firms, on the hie In- 
creasingly tough competition and nar- 
rowing profit margins are forcing and 
expected to continue to force some 
companies to diversify into other 
fields, or to consolidate with other 
firms, or to get out of the business. 
At the same time, the founding of 
new firms—usually by former em- 
ployees of established firms—has con- 
tinued, in many cases spurred by the 
refusal of the established firm to get 
into new services or instruments. 

© There is an increasing emphasis 
on expenditures for research and de- 
velopment—to design new _ instru- 
ments from the — up, plus 
special features and accessories that 
might “igprer a competitive edge. 
Research staffs are growing as the 
industry gets away almost completely 
from its former dependence on AEC’s 
national labs for development of new 
instruments. Conversion from elec- 
tron tubes to transistors and printed 
circuits is proceeding, although the 
rate of conversion is by no means 
uniform. 

® Relatedly, more money is being 
committed to efforts to develop new 
instrument concepts and new markets 
—where no competition exists or 
where it is minor, particularly in the 
industrial, non-nuclear field. 

@ There is a continuing, and ap- 
parently accelerating, trend toward 
public ownership of instrument com- 

anies as those who are successful 
ook to the public for funds to ex- 
pand. In many cases, these firms 
must expand or stagnate and—either 
for this reason or for personal-estate 
reasons—public offerings are sched- 
uled. Expansion of physical plant 
and development of new instruments 
and enlarged sales forces are the pri- 
mary motives for seeking public in- 
vestment. 


Manpower Problems 

In addition to these signs of change 
and growth, there are several others 
particularly characteristic of this in- 
dustry, all of which might be lumped 
under one heading: “manpower prob- 
lems.” There is a need he manage- 
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ment people of broad experience and 
there is a phenomenon which contin- 
ues to be as much of an irritation 
to the established firms as it ever was 
—the loss of good people to other 
competitors or to their own new 
firms. The survey brought out these 
manpower developments: 

@ Some instrument companies are 
trying to strengthen themselves by 
establishing management staffs with 
expertise in many fields of operation 
that company founders do not have— 
finance, manufacturing, sales, etc. 

® There is evidence that some com- 
panies are trying to crack down on 
the kind of “musical chairs” game 
that some top-management and scien- 
tific employees are purportedly play- 
ing. The reaction to such employee 
mobility has reached the point where 
at least one firm, Packard Instrument, 
is considering contracts for key peo- 
ple which would prohibit their leav- 
ing for similar jobs with competitors 
—or to found their own companies— 
for a period of two years. 

@In the same vein, there is evi- 
dence that some firms are going out- 
side the nuclear instrument industry 
to recruit new talent. This is partly 
because of the shortage of nuclear 
people and partly because some feel 
they can achieve more stability in 
their staffs by bringing in outside 
20% om and training them, than by 

iring people with a history of job- 
jumping. Among other things, this 
indicates that the industry may be- 
come less “inbred” than it is now. 


New-instrument Development 

All firms contacted said they have 
been building up their research-and- 
development staffs and committing 


an increasingly large share of their 
budgets to new-instrument develop- 
ment. The concensus appeared to 
be that as much as 10-20% of sales 
was now going into new instruments. 
Much of this attention is going to 
instruments to be marketed outside 
the nucleonics field—instruments that 
have no nuclear connotation whatso- 
ever or instruments for use with 
radioisotopes, for example, in other 
industries (process control, etc.). 

Several firms looking to the space 
program for business describe this 
business as particularly attractive be- 
cause the program pays for develop- 
ment of new instruments which have 
much broader market potential (in 
missile and other industries); the 
space program itself is not considered 
a major market by most but the 
“free” research-development dollars 
make space contracts worthwhile. 
Radiation Instrument Development 
Lab and Tracerlab are two firms de- 
veloping instrumentation especially 
for space—RIDL producing a one- 
watt multi-channel analyzer (less 
than 3 lb) for the National Aero- 
nautics and Space Administration and 
Tracerlab working on clathrate, gas- 
measuring devices for NASA, the Navy 
and the Air Force. 

Baird-Atomic, which estimates its 
spending for instrument-development 
“in the neighborhood” of 15% of sales, 
has also gone to a new West Coast 
firm for new instruments: Sharp Lab- 
oratories, La Jolla, Calif. Sharp re- 
cently sold the designs of five instru- 
ments to B-A: a laboratory monitor 
and rate-meter, a precise pulser, a 
transistorized scaler, a transistorized 
radiation alarm and a “peak squeaker” 
for adjusting gamma spectrometers. 
Baird is also indirectly capitalizing on 
the new-instrument program of Sharp 
(primarily low-level counting) by 
acting as its sales agent world-wide. 

Sharp itself is banking on non- 
nuclear industries to purchase much 





be willing to rally. 





Still Alive: Instrument Trade Group within Forum 


Leaders of the radiation-instrument industry are engaged in another ef- 
fort to form a trade-association type of body which might deal with industry- 


wide problems (NU, May ’60, 23). 
within the Atomic Industrial Forum representing this industry. An initial 
meeting of industry executives, held in late June, was not successful—the 
attendees unable to make any progress. 
meeting and because of major divergencies of opinion on such questions as 
what problems such a group might deal with, a second meeting which had 
been scheduled for Aug. 24 was postponed to early fall. 

In the meantime, an effort is being made informally to pinpoint specific 
areas of discussion and to persuade an industry executive to take the lead 
in organizing a Forum committee—a person around whom the industry would 
The major projects which most executives feel a Forum 
committee might tackle include: 1. the development of sophisticated indus- 
try statistics, including market information; and 2. the presentation of in- 
dustry views on questions like government competition to AEC, Congress, etc. 


The effort is to create a committee 


Largely because of this unsuccessful 
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of its equipment, an attitude which 
is gaining steadily in the entire indus- 
try. Nuclear-Chicago sees its real 
growth in the use of radiation for 
process-control and Radiation Counter 
Laboratories reports an upsurging in- 
terest by the steel, chemical and 
other industries in radiation equip- 
ment. RCL has the largest ena 
development staff in its history—a 
staff which produced 16 new instru- 
ments in the year ended June 80. 
Nuclear-Chicago has no less than one- 
third of its roughly 300-man staff 
working on new products and N-C 
intends to expand this group at about 
the same rate as growth of sales. 

Packard Instrument is another firm 
expecting to do more business outside 
the nucleonics field but not to the 
point of having this business exceed 
sales to the nucleonics industry. The 
firm predicts increasing emphasis on 
low-level counting, where it feels it 
has an edge on the competition 
through its liquid-scintillation pro- 
gram. Increased sensitivity of meas- 
urement will offer both cost savings 
and health-and-safety advantages, the 
company emphasizes, by lowering the 
amount of radioisotope required in a 
particular system. 


AEC's National Labs 


There is a curious duality of atti- 
tude among industry executives to- 
ward AEC’s national laboratories 
which, until recent years, have been 
an incomparable source of both instru- 
ments and manpower for the indus- 
try. On the one hand, the labs are 
attacked unmercifully for their pro- 
curement policies and for alleged 
competition with the instrument in- 
dustry; on the other hand, there is 
fear among some industry executives 
that the decline of instrument-devel- 
opment capability at the national labs 
threatens to weaken the overall in- 
strument capability of the U. S. 

The point is made that this rather 
small industry does not have the re- 
search-development wealth required 
to maintain a world leadership posi- 
tion in radiation instrumentation, and 
that the industry should speak out for 
resurrection of the national-lab com- 
plex as a meaningful contributor to 
new-instrument technology. 

The criticism of lab procurement 
policies is particularly widespread 
and vocal. More than one executive 
accuses the labs of playing one com- 
pany against another in letting equip- 
ment contracts. It is felt that this 
is detrimental to the winning, as well 
as losing bidders, because sales are 
often made below cost. “The labs 
apparently feel the vendors shouldn't 
make any money,” observed one of- 
ficial whose firm no longer bids on 
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Skate sets core-longevity records 
The Navy’s third A-sub, Skate, has completed 36 months on its 
first core and has steamed 112,000 mi, but has not yet been 
scheduled for refueling, the Navy said replying to a NUCLEONICS 
inquiry. Nautilus’ first two cores, each with ~26 months resi- 
dence lifetime, took her 69,100 and 93,000 mi; Seawolf's first 


core last 23 months, 71,600 mi. 


lab invitations. “Several companies 
whose business was predominantly 
with national laboratories have had 
to go out of business. This is not 
building a healthy industry.” 


Transistorization 

As might be expected, there are 
almost as many opinions as knowl- 
edgeable people on the speed, extent 
and significance of the industry's 
swing to transistorized equipment. 
Some firms are transistorizing as 
quickly as possible; others are doing 
it on a long-range, multi-year sched- 
ule and on a highly selective basis. 
There is agreement by all, however, 
that virtually all instruments will be 
transistorized within a few years. 

In any case, transistors and printed 
circuits point to instruments of con- 
siderably better performance and, 
pore to nearly “fail-safe” in- 
struments that will rarely cause 
trouble. 

RCL, where all equipment except 
low-priced _ scalers pa | rate-meters 
have been transistorized, feels there 
may be too much emphasis on tran- 
sistorization (“The pendulum is defi- 
nitely swinging toward transistoriza- 
tion and it may be overswinging.”). 
N-C also looks at transistorization 
with some restraint (“We use tran- 
sistors where they do the job better, 
but there is no crash program to 
transistorize here.”). This firm’s 
transistorization emphasis is given to 
portable instruments, where the size 
saving is significant, and to lab instru- 
ments where the transistor advantage 
is clear. 

Toward printed circuits, N-C’s atti- 
tude is a little different—recognizing 
their advantages in instrument assem- 
bly and predicting that N-C will use 
more and more of them. “There is 
a limit on getting top quality at any 
cost,” an N-C spokesman pointed out. 


“Anybody can have top quality at 
any cost. The emphasis must be on 
achieving top quality at reasonable 
cost.” 


Going Public 


In an era when public issues have 
been going “like hot cakes,” it is little 
wonder that some of the privately 
held instrument companies—some in 
business for many years—are finding 
it difficult to resist public ownership. 
However, for most radiation-instru- 
ment firms it is quite simply a need 
for acquiring the wealth to expand. 
While this could be done via merger 
with a wealthier firm (and is being 
done in some cases), the preference 
is for public stock sale, which pro- 
vides new money while permitting a 
higher degree of retained control than 
does merger with a larger firm. 

RIDL plans to “go public”—after 
ten years of one-family ownership— 
this fall or winter, expecting to raise 
$1-1.5-million. The new capital will 
permit RIDL to both build new fa- 
cilities and expand into the space, 
missile and other areas of electronics. 
This year’s sales have been —— 
about $2-million. The goal for fisca 
1961, ending June 30 next year, is 
$3-million—but this depends to a 
large extent on how fast the company 
can expand, 

Another long-privately-held _ firm, 
Packard Instrument, says there is a 
“real possibility” it will offer stock to 
the public next year—again the need 
for new and larger facilities being a 
major motive. The firm has experi- 
enced an annual doubling of sales in 
the last three or four years to about 
$3-million/yr currently. From 1959 
to 1960, however, Packard saw the 
first slowing of this rate, with sales 
this year expected to be about 50% 
higher than last. 
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REACTOR NEWS 


YANKEE GOES CRITICAL, ELEGANTLY 

On the night of Aug. 19 the nation’s second private 
large-scale power reactor, the 134-Mwe pressurized 
water unit of Yankee Atomic Electric Co. at Rowe, 
Mass., went critical. It started driving at once through 
its low-power testing program on a three-shift basis in 
an effort to be in commercial utility operation before 
year's end. Veterans of other reactor startups who 
watched proceedings in the control room said it was 
one of the smoothest startups they had ever seen; the 
approach began at 6:30 pm and criticality was achieved 
at 8:19. It was calculated to be reached when—after 
the outer control-rod group (8 of 24 rods) had been 
withdrawn 40 in. from the 90-in. core—the inner rods 
were withdrawn 44 in. Actually, the reactor went criti- 
cal when the inner rods (two groups of 2, three groups 
of 4 rods) were inched out, 3 in. at a time, to only 
36% in., indicating either a more reactive core, or 
slightly greater rod worth, than expected. Yankee’s low- 
power testing program is expected to take ~60 days. 
It encompasses measurement of temperature, pressure, 
flow and void coefficients, rod worth, and boron worth 
(the primary water contains 1,600 ppm boron as boric 
acid to keep the core 10% subcritical with all control 
rods and shims in place). As soon as low-power testing 
is done, Yankee will start going up stepwise to 392 
Mwth (=110 Mwe), for which it already has AEC 
authorization; after 500 hr operation at that level, 
Yankee is to report to AEC to seek the full-power license. 


PUERTO RICO’S SECOND REACTOR CRITICAL 

The 1-Mw pool research reactor built by AMF Atomics 
for the Puerto Rico Nuclear Center at Mayagiiez went 
critical Aug. 16 (just one year after the island Common- 
wealth’s first reactor, a low-power Atomics International 
L-77 solution type, started up Aug. 19, 1959, also at 
Mayagiiez). One week later on Aug. 23, Commissioners 
John Graham and Robert Wilson and Rep. Chet Holi- 
field of JCAE dedicated the pool reactor, then moved 
15 mi northwest to Punta Jiguero to break ground for 
the island’s third reactor and first power unit—the 16.3- 
Mwe BONUS (BOiling NUclear Superheat) reactor. 


VBWR CRITICAL AGAIN 

After a 10-month shutdown for modifications, the Valle- 
citos Boiling Water Reactor went critical again. The 
$1-million changes included a new core structure and 
new circulating water pumps. The 5-Mwe reactor had 
previously operated for 26 months, yet radioactivity was 
not a’serious — during the overhaul work, accord- 
ing to General Electric, VBWR’s builder. 


MOTHBALLS FOR AFNETR 

The Air Force Nuclear Engineering Test Reactor, still 
under construction at Wright Field, Dayton, Ohio (con- 
tract was awarded in October 1956), is to be completed, 
then “placed on standby status.” An allocation of $1.1- 
million has just been obtained, enough to complete the 
reactor; low-power operation is scheduled to start in 
summer 1961, and “reactor check” will be carried out 
before the unit is put on standby early in 1962. At 
Air Research & Development Command in Washington 
it was explained that the future of AFNETR had been 
greatly affected by phasing out of the 125-A reference 
system for a nuclear plane, for which much work had 
been scheduled in AFNETR. The only other two known 
instances of reactors being mothballed both involved 
cutbacks in Air Force work: the research reactor Lock- 
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heed built for the AF at Dawsonville, Ga., and the unit 
Curtiss-Wright built at Quehanna, Pa., largely in ex- 
pectation off doing work on nuclear planes and ram- 
jets. The C-W unit, scheduled for deactivation, got a 
new lease on life when . . . 


QUEHANNA REACTOR IS GIVEN TO PENN STATE 


Curtiss-Wright made a gift of its 1-Mw pool, being 
modified for 4-Mw operation, to Penn State Univ., 
~35 mi. away. Penn State already has a 100-kw pool. 


NUCLEAR NAVY NEWS 

Scamp, the Navy’s 2lst nuclear submarine to be 
launched, will go down the ways Oct. 8 at Mare Island 
Naval Shipyard . . . SSN621, a Thresher-class attack 
sub, was awarded to Ingalls Shipbuilding Co. for con- 
struction for a maximum of $23,405,750—the Navy's 
43d A-sub ordered. She is one of four voted by 
Congress this year; the Budget Bureau has not released 
funds for the other three. Five Polaris-firing A-subs 
also voted this year have all been assigned (NU, Sept. 
60, 25) . . . Seawolf, her conversion to a pressurized 
water reactor completed, passed her builder's trials Aug. 
29, and was recommissioned . . . Work on the cruiser 
Long Beach was back in full swing after a 22-week 
strike at Bethlehem Steel’s Quincy, Mass., yard. Testing 
of the two reactors’ primary loops is getting under way. 


HRE-2 HOLES PATCHED 

The holes in Oak Ridge’s Homogeneous Reactor No. 2 
have been patched, in a daring remote operation in a 
100,000-r atmosphere. The pioneering unit is to go 
back into operation as a two-region reactor, with direc- 
tion of flow reversed (to go from top to bottom of 
core tank) in an effort to eliminate the hot-spots that 
burned the two holes in the %e-in. zircaloy core tank 
(NU, May ’58, 26; Aug. ’58, 21; May, ’59, 33). 


HYDRAZINE PRODUCTION BY REACTOR: AGN 
In-pile tests will start this fall on a new Aerojet-General 
Nucleonics chemonuclear process for making hydrazine, 
a space-age fuel, from ammonia, under a one-year Air 
Force contract. AGN, which had run tests a year ago 
in the Livermore Pool Test Reactor on nitrogen fixation 
by chemonuclear reactor, is even more enthusiastic 
about the prospects for chemonuclearly-produced hydra- 
zine. The tests this fall will use a capsule providing 
agitation for the contents: anhydrous liquid ammonia 
and a fully-enriched uranium compound in suspension 
or solution. 


CONGRESSMAN CHALLENGES PEACH BOTTOM 
Rep. James M. Quigley (D-Pa.), in whose constituency 
Philadelphia Electric and its 52 utility partners plan to 
build the Peach Bottom High Temperature Gas-Cooled 
Reactor, will seek to intervene at the AEC hearings on 
a construction permit for the project. Quigley opposes 
AEC’s two-step licensing policy (of construction permit 
and operating license). He says, “The time to resolve 
the question of any threat to public safety from opera- 
tion of the reactor at Peach Bottom is now and not 
after millions of dollars of the taxpayers’ money have 
been spent on building a reactor which AEC may never 
allow to operate because it could be too great a threat to 
the highly-populated areas immediately adjacent. . . 
Sooner or later AEC will have to determine whether or 
not it is safe to operate: why not sooner—if there is 
no scientific reason to prevent a determination sooner, 
before $40-million is spent?” 
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WORLD NEWS 


Second Pu-Separation Plant for France 


France will build a second plutonium separation plant 
at Jobourg, 7 mi west of Cherbourg, to treat irradiated 
fuel elements from power reactors now under construc- 
tion or planned for ‘northwestern France. These in- 
clude the three Electricité de France reactors at Chinon 
(NU, Aug. ’60, 28), and the 100-Mwe EL-4 that the 
Commissariat 4 lEnergie Atomique will build in the 
Monts d’Arrée 30 mi east of Brest. Although CEA has 
not announced capacity of the plant, a spokesman indi- 
cated that it would be somewhat less than that of the 
chemical separation plant operating at Marcoule since 
1958. Construction on the new plant is tentatively 
scheduled to start early in 1961. 





Work to Start on Britain’s Second A-Sub 


The Admiralty has placed a contract with Vickers-Arm- 
strong Ltd. for Britain’s second nuclear submarine. 
Rolls-Royce will build the reactor for the vessel to 
British designs. These will be, NucLEONICS understands, 
basically similar to the Westinghouse SSW that Rolls- 
Royce as the Admiralty’s agent procured for installation 
in Britain’s first A-sub, Dreadnought. The new unit 
will, however, include “some British refinements.” A 
land-based prototype will be built, probably at Doun- 
reay, for mid-1962 criticality. The second sub, known 
so far only as SSNO2, will be a hunter-killer type with 
the specific function of hunting other submarines, rather 
than surface ships as will Dreadnought. Its size has 
not been revealed, but it is expected to be larger than 
the ~3,000-displacement-ton Dreadnought. Dread- 
nought is to be launched by the Queen Oct. 21 this 
year; SSNO2 will likewise probably be launched 18 
months after keel-laying. 





Design Contract Signed for Orgel 


Italy’s National Committee for Nuclear Research 
(CNRN) and AGIP-Nucleare have signed a design con- 
tract for the 30-Mwe organic power reactor prototype 
ORGEL. CNRN is to organize and finance the $10- 
million project, AGIP-Nucleare design the reactor, and 
SORIN—nuclear subsidiary of Fiat and Montecatini— 
build it, perhaps in the Bologna area. Sergio Gallone 
will head a joint project staff; U. S. information fur- 
nished under the U. S.-Italian bilateral to CNRN will 
be made available to the ORGEL staff. 





France Enlarges Aquilon 


The Saclay research reactor Aquilon has been enlarged 
and improved to facilitate lattice studies for the 100- 
Mwe heavy-water-moderated power reactor EL-4 to be 
built in Brittany. Reactor vessel diameter has been in- 
creased from 78 to 118 in., nearly doubling capacity; 
core assembly has been changed to permit easier rear- 
rangement of lattice spacing; controls are improved. 





South Africa’s First U-Plant Ready 


South Africa’s first uranium processing plant was to F 
on the line shortly, as this issue went to press. e 
plant, with a capacity of 100 tons/yr, is being built at 
the Government Metallurgical Laboratories at Johannes- 
burg. Financed by the Union of South Africa Atomic 
Energy Board, it will be operated jointly by AEB and 
the Transvaal and Orange Free State Chamber of 
Mines. AEB says the plant will enable South Africa 
to do its own research on uranium processing techniques 
as well as to refine part of its own output. This, AEB 
hopes, will place the country in a more favorable posi- 
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tion to offer uranium in a competitive world market. 
Processing of the country’s production of uranium oxide 
is considered important, since purchase contracts with 
the U. S. and Britain for over 6,200 tons/yr will begin 
to run out in about 18 months and are unlikely to be 
renewed. Efforts by Union authorities to have the 
contracts extended—to cushion the blow to local prod- 
ucts—do not appear to have been at all successful. 


Halden Critical Again 


The world’s only heavy-water boiling reactor went criti- 
cal again Aug. 26 after a seven-month shutdown for 
modifications preparatory to full-power operation. 
These included an unusual repair operation on each of 
the 316 aluminum-clad uranium metal fuel elements in 
the reactor’s first charge, to remove the effects of pit- 
ting corrosion that occurred at the lower end of the 
l-in. dia rods due to galvanic action in stagnant water 
during the first six months of zero-power operation at 
ambient temperature. Repair was accomplished by 
shrinking an additional cladding can over the lower 10.6 
in. of the 7.8-ft long elements, and welding it to the 
existing cladding above the pitted zone. ter check- 
out runs and measurement of temperature coefficients, 
now being carried out, power operation will begin. 


GE Signs Contract for BWR in Japan 


Following its British namesake (but non-affiliate) by 
eight months, the U. S.’ General Electric Co. signed a 
contract in Japan for construction of a power reactor, 
Japan’s second, at the Tokai Mura center of the Japan 
Atomic Energy Research Institute. The 12.5-Mwe 
demonstration boiling water reactor is scheduled to go 
critical early in 1963 and would thus generate the Far 
East’s first nuclear power, beating out the first power 
unit—a 159-Mwe Calder type gas-cooled reactor Japan 
ordered from General Electric Co. Ltd. in January this 
year for 1964 completion. 


Molotov Back, as IAEA Representative 


Vyacheslav Mikhailovich Molotov, one-time Soviet First 
Deputy Prime Minister and long Foreign Minister, in 
virtual exile since 1957 as Ambassador to Outer Mon- 
golia, has been named Soviet permanent representative 
to the International Atomic Energy Agency in Vienna. 
He replaces Leonid M. Zamyatin, recalled for reassign- 
ment. Molotov retains the rank of Ambassador, will be 
subordinate to Soviet atomic chief Vasily S. Emelyanov, 
Russian member of IAEA’s Board of Governors; Zam- 
yatin had been, and Molotov will presumably also be, 
alternate to the Governor. The news had diplomatic 
circles in a flurry of excitement, but in the final analysis 
the State Dept. felt the significance for IAEA is neither 
= nor bad but indifferent, in that Molotov as a pro- 
essional diplomat will carry out the policy he is given. 











Japan Delays Domestic Fuel Production 


Japan’s AEC has decided not to authorize tie-ups for 
nuclear fuel production between Japanese atomic in- 
dustrial groups and foreign nuclear interests “for the 
time being” until fundamental fuel problems are ironed 
out with the U. K. AEA. (All signs point to installation 
in Japan of only the one Calder-type reactor now build- 
ing, which needs only 62 tons’ replacement fuel after 
the initial 186 tons bought in Britain are loaded.) Even 
if domestic production with foreign aid on knowhow 
were authorized, the reprocessing problem would remain 
unsolved. Therefore officials believe purchase of fuel 
from AEA would be more economical. 
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NEWS IN BRIEF 


4 Industry Groups Explore New Competition Committee 


Representatives of four major industry associations met 
in late August to explore the formation of an Inter- 
industry Advisory Committee on Government Competi- 
tion—a group to coordinate the activities of each of the 
four in reducing industry-government competition in the 
nuclear field. Represented were the Edison Electric 
Institute, Manufacturing Chemists’ Assn., U. S. Chamber 
of Commerce and National Assn. of Manufacturers; the 
Atomic Industrial Forum and the Machinery and Allied 
Products Institute were also invited but declined. Each 
of the attendees was to report back to his group for a 
reaction to the inter-industry proposal. Subject to their 
endorsement, the Inter-industry Committee would be 
formed with two representatives from each organiza- 
tion, plus consultants and staff. 

Proposed objectives of the Committee are: 1. main- 
tenance of liaison with government agencies to minimize 
government competition with the nuclear industry; 2. 
pooling of information on current or potential areas of 
competition; and 3. development of recommendations 
for industry programs or studies in special phases of 
nuclear activities. 


Industry Has Mixed Reaction to AEC Patent Changes 


The nuclear industry last month raised a number of 
objections to two proposed changes in AEC patent pol- 
icy: 1. an amendment of AEC’s contracting manual to 
permit limited patent filing abroad by AEC contractors: 
and 2. the charging of royalties by AEC on foreign 
patents it owns in countries which also charge royalties 
on government-owned patents (U.K., France, etc.). The 
industry objections to the first were much less sweeping 
than to the second. Generally, the industry applauded 
AEC’s willingness to consider contractor filing overseas; 
but suggested it would not have much practical meaning 
unless AEC eliminated or modified some of its provisos. 
AEC felt, in turn, that its purpose to permit contractor 
filing may be defeated by the avalanche of industry 
suggestions for changes (“The trouble is industry likes 
the idea but they criticize it to the point where we 
don’t get any changes.”). 

On AEC's proposal to collect royalties for patents it 
owns, industry opposition was basic: the adverse criti- 
cism ranged from fears that such a policy would spread 
to AEC’s U. S. patents and to other federal agencies, on 
the one hand, to sheer disbelief that AEC would enter- 
tain such an alleged departure from public U. S. policy. 
“It is almost inconceivable,” one industry official com- 
mented, “that this is what AEC means to do.” 


Explosives Bureau Suggests Fuel Transport Group 
Formation of an AEC-industry committee to study and 
make recommendations on the safe transport of fission- 
able materials was suggested in late August by the 
Bureau of Explosives, an advisory group to the Inter- 
state Commerce Commission. The committee is to con- 
sider fabricated and unfabricated materials, hot or cold. 
The Bureau's proposal was explored at a meeting 
Aug. 25, with 30-35 AEC and AEC-contractor repre- 
sentatives organizing a small committee to review de- 
tails the one-day meeting could not cope with. The 
committee was to work out recommendations in cooper- 
ation with AEC and forward them to ICC. 


Government Formally Announces Rocket Reorganization 


Reorganization of the nation’s nuclear-rocket program 
(NU, June ’60, 23) was formally announced last month 
by AEC and the National Aeronautics and Space Ad- 
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ministration. Harold B. Finger, head of nuclear propul- 
sion for NASA, has assumed management of a new 
Nuclear Propulsion Office, reporting to Reactor Devel- 
opment Director Frank Pittman at AEC and Launch- 
propulsion Chief Donald Ostrander at NASA. Deputy to 
Finger is Milton Klein, formerly of AEC’s Chicago Oper- 
ations Office. NPO will combine and coordinate all 
Project Rover developmental work—previously handled 
by AEC’s Aircraft Reactors branch under the manage- 
ment of Jack Armstrong—with space mission programs 
to be administered by NASA. The development of all 
nuclear reactors and components will continue to be 
the responsibility of AEC and NASA has primary re- 
sponsibility for non-nuclear components and systems 
integration. With the reorganization, Finger is a “two 
hat” man managing both responsibilities. 

Gen. Irving Branch, director of the aircraft reactors 
program, will continue to manage the nuclear airplane 
and ramjet programs. The SNAP program (systems 
for nuclear auxiliary power), however, was expected 
to go with Armstrong to a new post he has taken 
under Pittman, where he will manage work on advanced 
reactor concepts and SNAP activities. 


NASA Asks Proposals on Rocket-engine Studies 


Shortly before reorganization of nuclear-rocket manage- 
ment (above), the National Aeronautics and Space 
Administration asked industry to bid on design studies 
of a nuclear-rocket engine; bids were due Sept. 19. The 
program, a milestone in nuclear rocketry because it is 
industry’s first crack at design work on an engine (with 
government funds and blessing), calls for a study of 
about six months, on a schedule several weeks behind 
the rocket flight-test studies being carried out by Lock- 
heed and Martin (NU, Sept. 60, 27). NASA said 
$150,000 was available for engine studies on “a flight- 
test engine that is developable to a flyable engine. It 
might be quite crude but it would at least have the po- 
tential for application to useful systems.” The winning 
contractor or contractors will be given a minimum of re- 
stricting guide lines. “We want a very good look at all 
approaches,” NASA said, “and we want to be sure that 
no one is prejudiced as to what is possible.” 


JCAE Votes to Publish Amended McKinney Report 


By a straight party-line vote of ten Democrats to seven 
Republicans, the Joint Committee on Atomic Energy 
decided before Congress adjourned to publish the Mc- 
Kinney report (NU, Aug. 60, 21) during September. 
The vote came after vigorous Republican questioning of 
McKinney on some of his conclusions and recommenda- 
tions which were critical of the Administration. The 
5-volume, 1500-page report will be published as “a 
study prepared for JCAE and is not a Committee 
report.” It was decided that “such corrections and addi- 
tions to the text as the author . . . may desire may 
be made prior to publication.” This was taken to mean 
that McKinney will “clarify the language” of some con- 
clusions and recommendations as a result of Republican 
objections. 


Internuclear Designing Irradiator for Mines Bureau 


The Bureau of Mines said last month it had selected 
Internuclear Corp. to design and prepare specifications 
for a cobalt-60 irradiator scheduled for construction next 
year at Albany, Ore. Internuclear was the winner over 
four other firms; several industry officials said there was 
no formal bidding. The facility, recently upsized from 
100,000 to 175,000 curies, will be used for experiments 
with coal, oil, metals. 
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RADIATION NEWS 


Abbott Schedules Private Radiochemical Marketing 


Abbott Laboratories was to begin marketing iodine-131 
last month, expecting eventually to supply a major share 
of the estimated 100 curies/mo used by itself and others 
in the U. S. Sole suppliers of radioiodine up to now 
have been AEC at Oak Ridge National Laboratory and 
Atomic Energy of Canada, Ltd. Abbott has given a 
purchase order to Westinghouse (for production of ra- 
dioiodine in the Westinghouse Test Reactor) and was 
expected to give another order to General Electric (GE 
Testing Reactor). The iodine-131 produced in these 
reactors (from tellurium-130) will be marketed in so- 
dium radioiodide solution by Abbott’s Oak Ridge plant. 
Much of it will be used in Abbott's own radiopharma- 
ceuticals, the rest will be available for sale to other 
radiopharmaceutical firms and for use in tracer studies. 

AEC, greeting the Abbott decision with mixed feel- 
ings, welcomed a private producer into the business and 
said it would cut down its radioiodine production as Ab- 
bott began to meet the demand. There was some 
doubt, however, as to AEC’s giving up radioiodine pro- 
duction completely, in favor of only one U. S. producer, 
plus the Canadians. Abbott estimated its price for ra- 
dioiodine would run about 20% less than AEC’s, re- 
flecting both a lower charge and a different method of 
calibration. The company says it is considering even- 
tual production of other radioisotopes but has no con- 
crete plans as yet. 


AEC Orders Study of Mixed Fission Products for SNAP 
General Instrument Corp., Newark, N. J., is exploring 
the use of mixed fission products as relatively inexpen- 
sive heat sources for small power devices. AEC 
awarded a Phase 1, $40,000 contract to General Instru- 
ment under its SNAP — (systems for nuclear aux- 
iliary power), which has branched out from outer-space 


technology utilizing isotopes to such a as naviga- 


tional aids for the Navy and Coast Guard (NU, Sept. 
‘60, 28). Phase 1, scheduled to be completed about 
Nov. 1, calls for four areas of study: 1. comparison of 
various techniques for fixing mixed fission products in 
solids; 2. life and utility characteristics of various ther- 
moelectric conversion materials which might be used in 
such a generator; 3. conceptual design and parametric 
analysis of the heat source; and 4. possible uses for a 
mixed-fission-product generator (two now under consid- 
eration ui power sources for underwater anti-sub- 
marine-warfare applications and navigational aids). If 
AEC continues to support the work beyond Phase 1, it 
is expected to lead to a demonstration unit of up to 5 
watts after another year of work. Such a device is not 
considered feasible for space power because of its low 
specific power output and the demand for extra shield- 
ing imposed by strong gammas. 


3M Developing New Encapsulating Idea for Isotopes 


A ceramic coating technique for radioisotopes in tiny 
spherical form has been developed by Minnesota Mining 
& Manufacturing. The technique chemically seals the 
isotope in ceramic spheres of 10-100 microns, rendering 
it inert and thus metabolically safe in human ingestion, 
the company feels. Leaching tests in 0.01 normal hy- 
drochloric acid removed less than 0.01% of the radioac- 
tivity in seven days. A wide variety of isotopes, includ- 
ing alpha emitters, can be incorporated in the Micro- 
spheres at virtually any level of activity, although 3M is 
concentrating on low-level uses initially. The Micro- 
spheres have been going through various evaluation tests 
commercially, including experimental use in luminous 
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dials, process-control systems and medicine (internal 
cancer therapy and blood tracing). First major com- 
mercial order was expected in late summer or early fall. 

For use on timepiece dials, Microspheres of prome- 
thium-147 would be combined with a phosphor (zinc 
sulphide is preferred) via an organic binder; a .003-in. 
layer of this is coated on the surface to be illuminated, 
then a second .003-in. layer of phosphor and binder is 
applied. Any plus-charge isotope can be thus con- 
tained in the Microspheres, with luminescence comin 
from radiation-excitation of the phosphor crystals an 
the two layers cutting down surface radiation. The 
Microspheres also hold promise for static elimination, 
guaging and other process-control applications for both 
safety and psychological reasons: there is little or no 
danger in accidental ingestion and the ceramic coating 
reduces the danger from fire. 


Martin, Air Reduction Considering Partnership 


Construction of the first private radioisotope separations 
facility in the world is under serious consideration by 
Martin Co. and Air Reduction Co., which would form 
a new company to build and operate it. Possible forma- 
tion of the partnership had been indicated earlier this 
year (NU, Apr. 60, 31) when Martin estimated that 
a large separations plant could be built for $10-$12- 
million and that it could produce strontium-90 for 35-50 
cents/curie, or one-tenth AEC’s prices. Both of these 
estimates held up under subsequent study. The two 
firms would produce strontium-90 and cesium-137, pri- 
marily, with cerium-144 a third possibility; plant con- 
struction would take 2-2% years. 

Martin and government officials alike pointed out 
that several major problems face the project. In effect, 
Martin-Air Reduction would ask the government to 
approve their entry into one of woul steps of the 
isotope recovery process, with AEC furnishing the feed 
material and buying back most or all of the separated 
isotopic material. Martin-Air Reduction would have to 
work out a price acceptable to the government and 
make arrangements for locating their plant on AEC- 
owned land (Hanford is the preferred location) or 
near Hanford if a site on the reservation were not avail- 
able. AEC officials are divided on the propriety of 
having private activity in the separations program at 
Hanford—some heartily in favor of having private indus- 
try in the picture, others against it. Also, Hanford has 
its own plans for expanding its separations capability. 


AEC Lowers Cobalt-60 Minimum to $1/curie, a 50% Cut 


AEC last month reduced to $1/curie its minimum price 
for cobalt-60, in a move which may provide some impe- 
tus for commercial, high-level use of cobalt. In a gen- 
eral reduction of cobalt-60 prices at all levels of activity, 
AEC cut the former minimum of $2/curie (1-10 curies/ 
gm specific activity) in half—reducing it to $1/curie 
or more than 25,000 curies of 1-25 curies/gm activity. 
Effective Sept. 15, the new price schedule is: 1-25 
curies/gm, $2/curie; 26-40 curies/gm, $3; 40-55 cur- 
ies/gm, $4. These ——. discounts were established: 
25% for quantities of 5-25,000 curies; 50%, 25~-100,000 
curies; and a flat $1/curie for all amounts greater than 
100,000 curies, regardless of activity. 

Brazil Orders Cobalt Research Irradiator from C-W 
Brazil last month ordered a $323,000, 30,000-curie co- 
balt-60 irradiator from Curtiss-Wright Corp. The re- 
search facility will be used chiefly for extending shelf- 


life of perishables (meats, fish, etc.) for short periods— 
as little as a day or two. 
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AEC Lowers Limits 
On Radiation Exposure 


Modified and moderated since a 
first version aroused a storm of indus- 
try protest a year ago (NU, Sept. ’59, 
21), a new version of AEC’s regula- 
tions on protection of atomic employ- 
ees and the public against radiation 
overexposure was promulgated last 
month. They are scheduled to go 
into effect Jan. 1. 

In their original form last year, 
the proposed rules would have cut 
—_ le average external exposure 
trom 15 to 5 rems/yr. The new ver- 
sion has the same over-all result, but 
— exceptions and alternatives 
or industry. A basic table sets out 
maximum exposure levels for radia- 
tion workers: 1% rem/calendar quar- 
ter whole-body exposure (and head, 
trunk, blood-forming organs, eye- 
lenses and gonads); 18% rem/quarter 
to extremities, 74% rem/quarter to 
skin. 

This schedule must be followed if 
the employer does not choose to dig 
back into the complete medical his- 
tory of the individual employee. If, 
however, the record is available and 
supports it, then a higher exposure— 
80% of the limit presently in effect— 
is permissible: 3 rem/quarter pro- 
vided no more than 5 X (n-18) rem 
total accumulated where n is the age 
of the individual (the NCRP formula, 
NU, Jan. ’57, R3). 


Another Relaxation 


A second major softening of last 
year’s proposed version of the rules 
is that the mandatory annual report 
on his exposure to each employee is 
dropped. Instead, reporting is re- 
quired only on request of the em- 
ployee, annually or on termination of 
employment; mandatory reporting is 
retained in cases where permissible 
limits are exceeded. A new require- 
ment is that employers must post 
notice to employees outlining the pro- 
visions of the regulation, the respon- 
sibilities of employee and employer, 
and the rights of the former. This 
regulation will cover all AEC li- 
censees. Industry comments are wel- 
come, but AEC hopes no changes 
will be needed. 

Industry's objections to the original 
version a year ago centered on con- 
tentions that the lower permissible 
exposure would be so restrictive as to 
vitiate the technological advances 
based on use of radiation, and that 
the mandatory reporting would arouse 
new fears of radiation rather than al- 
lay any existing ones. 


NUCLEONICS Statistics of the Quarter 








Costs of U. S. Civilian Reactors in Progress ($10°)' 


Total Cost 
of Projects 2nd quarter 


Costs, "60 


Costs thru 
6/30/60 


Still to 
be spent 





Power prototypes & experiments 762.8 
—Research & development: 
AEC 


Electric utilities 


133.1 
49.9 
—Plant & equipment: 
AEC 
Electric utilities 
——Fuel fabrication: 
AEC 
Electric utilities 


141.1 
345.6 
37.2 
10.7 
26.5 


51.5 337.9 
7.7 76.9 
1.9 28.9 


46.4 
173.1 
8.0 
2.8 
5.2 


424.9 


56.2 
21.0 


94.7 
172.5 
29.2 
7.9 
21.3 





Savannah propulsion plant 29.0 


14.7 


14.3 





122.6 
79.1 
15.8 
27.7 


Research & test reactors 
AEC 
Other govt. agencies 
Manufacturers & universities 


71.3 
39.1 
13.6 
18.6 


51.2 
40.0 
2.2 
9.1 





Nuclear Contracts *— 


Contracts awarded for public projects ($10*) 


Latest 
month 


6,514 iP 


Proposed construction, privately-owned ($10*) 0 


Contracts awarded, private work ($10*) 
Backlog of private projects ($10*) 


0 


287,549 287, 


Month 
ago 


Year 
ago 


555 2,347 
0 0 
0 0 
549 285,549 





Isotope Use t— 
Applications for isotope use 
Cumulative total of isotope users 
ORNL shipments (curies) 
Public and private export shipments 


624 
5,798 5; 
22,880 4, 

110 


535 
5,187 
24,376 
311 


565 
747 
092 
418 





Employment t— 
AEC employment 


Construction and design contractor’s employment 


Total operating contractors employment 
Production workers 
Research and development employees 
Miscellaneous workers 


6,830 6, 
12,076 11, 
116,666 104, 
51,024 51, 
49,883 49, 
3,683 4, 


835 
199 


6,750 
9,355 
612 105,928 
140 351,967 
141 49,217 
331 4,744 





U. S.-built Reactors $— 


Power, domestic 

Power, for export 

Power experiments and pilot plants 
Military and naval 

Research and test, domestic 
Research and test, for reports 


Total 


Foreign-built Reactors $— 
Power, domestic 
Power, for export 
Research and test, domestic 
Research and test, for export 


Total 


* From Construction Daily, a McGraw-Hill periodical 


Operating Building Contracted 


3 9 
0 3 
6 7 
23 38 
68 19 
19 20 


119 98 


18 21 
0 3 
4 6 
9 6 
68 36 


tFrom AEC {nucteon 
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5 
1 
1 
14 
52 


78 


75 
1 
13 
0 
89 


ics figures 








GM or Scintillation Reversible Card 


100 KC or 1 MC Decade Scaier 
Selector Card 


Pos. or Neg. Polarity Selector Card 














Preset Count Integer Selector 





Direct Reading Heliodial on 500-3000V 
Transistorized Power Supply 





Now From RCL 


Preset Time Selector 





TRANSISTORIZED BUILDING-BLOCK NUCLEAR INSTRUMENTS 
Linear Amplifier... Scaler... Timer...High Voltage Power Supply 


ALL IN ONE COMPACT CABINET 


FIRST IN A SERIES* 

These four instruments are the first in a line of transistorized 
building-block nuclear instruments from RCL. Each instrument 
features transistorized reliability; modular construction; built- 
in electronic gating circuits; and plug-in etched circuit boards. 
Individual modules may be interchanged or combined to pro- 
vide many basic functions and combinations. In addition, 
etched circuit boards may be substituted within individual 
modules to produce extreme flexibility and versatility of 
application. 


The modules and etched circuit boards pictured above can be 
combined to form an extremely sophisticated scaler or, if 
desired, more modest (and less costly) but highly useful ones. 
All scalers feature an in-line Nixie count display, in-line time 
register display and direct reading dials for continuously variable 
preset count functions. 


MODULES ARE AVAILABLE INDIVIDUALLY 
OR IN COMBINATIONS 

Linear Amplifier can withstand input pulses up to 100 times 
greater than those required for full output, with fast recovery 
and without double-pulsing. Full scale output is 25 volts. A 
stabilized gain of 1000 with a 100 ohm input attenuator provides 
input factors of 1, %, %, Ye, and Ys. A potentiometer affords 
fine gain variation between these fixed factors. 


Positive or Negative High Voltage Power Supply is 
continuously variable in a single range from 500 to 3000 volts. 


it is controlled by a three-turn Helipot which is accurate to 
* 0.5 per cent with an adjustment precision of ~ 2 volts. For a 
* 10 per cent line voltage change, high voltage output varies less 
than 0.02 per cent, and a change from no-load to full-load pro- 
duces less than 0.1 per cent variation. Output is read in kilo- 
volts on the Helipot and also is indicated on a panel meter. 
The Power Supply may be used with scintillation, proportional 
and Geiger-Mueller detectors. 


Scaler and Timer operate as a unit in this instrument. The 
Scaler is available with either one MC or 100 KC input. A re- 
versible printed circuit board can accept amplifier output or 
direct GM input. Up to 99,999,999 counts can be displayed on a 
horizontal line of Nixies. The Scaler has five switch-selected 
modes of operation: Preset Count (Any count from 100 to 
99,999,900 in steps of 100); Preset Time (Any time from 0.01 
minute to 999.99 minutes); Manual; Count Only (Timer is 
inoperative.); and Test (line frequency). 

OTHER TRANSISTOR INSTRUMENTS 

AVAILABLE: 

Electronically Swept Differential Pulse Height Analyzer 
Manually Controlled Differential Pulse Height Analyzer 
Log and Linear count rate meter 
Linear count rate meter 
Log count rate meter 
For complete information on this new line of transistor 
building-block nuclear instruments 


Write RCL, Dept. 1100, Today 


IN RADIATION COUNTER LABORATORIES, INC. 


5121 West Grove «+ Skokie, Illinois, U.S.A. « ORchard 3-8700 
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New Light on a Compound Semiconductor 


Pictured is a new and unusual transistor ... made from a compound 
semiconductor. Its electronic properties are greatly affected by light. It is 
a field-effect transistor having input impedances up to 100 megohms 
(versus 1,000 ohms for junction transistors). Its unique combination 

of properties has enabled it to perform some novel circuit functions 

not possible with other transistors. 


Still in the early experimental stage, this phototransistor is a 

tangible result of the General Motors Research Laboratories’ program on 
semiconductors — particularly the group I-VI compound, 

cadmium sulfide. Behind its development lies the steady accumulation 
of (1) know-how in crystal growing, doping, and contact 

preparation and (2) information about CdS’s intriguing solid state 
properties (red or green luminescence, high photoconductivity, 

short relaxation times, etc.). 


For the researcher, this three-terminal device is adding a new dimension 
to the fundamental understanding of semiconductors. For instance: 

GM Research scientists have uncovered the important role of 
photo-generated holes in modulating the conductance of this intrinsic 
semiconductor and have determined the hole drift mobility 

through a new theoretical analysis. 


These semiconductor investigations illustrate the dual aim of GM 
Research: contributions to the science, advances in the technology of 
important new subject areas. Such research is the initial step in 
General Motors’ continuing quest for “more and better things 

for more people.” 


General Motors Research Laboratories 
Warren, Michigan 

Typical Output Characteristics 

Gate Voitage=0 a — 


diffused 
copper p-type 


roamperes 


uw 


urrent 





™N. n-type CdS 
single crystal 
0 
Drain Voltage 





tal RCA carries in stock many different 
e e d H owe r types of radio transmitters. Although 
designed primarily for broadcasting, 
television and communications use, 
= % : ; 
o these equipments can be easily 
ni S in a urry mn adapted for any purpose requiring 
radio-frequency power. Manufac- 


tured in quantity they are reasonable 
in price. Shipment is immediate! 


Perhaps RCA can supply Units in stock cover the frequency 


range from 500 kilocycles to 1000 
yo ur nee d S fro m sto res k megacycles—provide power outputs 


from one watt to 50,000 watts. Larger 
items available for 


powers (up to 500,000 watts) can 
be obtained by paralleling units. 
Pulsing or modulation can be pro- 
vided as needed. 


immediate delivery 


Where units of other powers or fre- 
quencies are required—or where re- 
quirements of a very specialized 
nature must be met— RCA engineers 
have the know-how and experience 
to custom-build to your specifica- 
tions. Recent projects include appli- 
cations in the fields of fusion power, 
particle acceleration, ion propulsion, 
plasma heating, propagation studies 
and satellite tracking. 


Whether your requirements 
can be filled by off-the- 
shelf items or by custom 
building, you can benefit 
from RCA’s broad experi- 
ence. Write to RCA, High 
Power Electronics and 
Nucleonics, Dept. M-86, 
Building 15-1, Camden, N.J. 


The Most Trusted Name 
in Electronics 


@® RADIO CORPORATION OF AMERICA 
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CRANE \\ 
DIRECTION 70 == 


...@ fast-moving program 
of planned expansion, 
product development, and 
streamlined distribution 

to help our customers 
meet the competitive 
éehallenges of the Sixties. 


This 15-ton, 24” behemoth (shown here under test) 
is one of eight Crane valves for service on reactor 
inlets and outlets of the main coolant lines in 
Consolidated Edison’s new atomic power plant. 


They're Type 304 stainless steel, adapted from 
standard Crane designs, engineered to fit this ap- 
plication. (Crane's ability to modify standard de- 
signs can save you time and money, too.) 


Each of these valves is rated at 1500 psi (ASA) 
for service at 1800 psi, 650 F. Tested for seat tight- 
ness at 2700 psi differential—far beyond ordinary 
commercial standards. Designed for rapid opera- 
tion (inlet valves, 4 minutes; outlet valves, 30 sec- 


“7 


| 
_ 


nuGlear valves 


onds), with a maximum stem thrust of 208,000 
pounds. Designed, also, to provide reliable opera- 
tion at continued high temperatures—to minimize 
servicing in radioactive areas. 


Remember that Crane, with its vast experience 
and its unexcelled engineering staff, is best quali- 
fied to handle all of your nuclear valving needs. 
And, of course, the same skill that solves tough 
problems gives economy and quality on everyday 
valve requirements, too. 

Won't you let us demonstrate how our experi- 


ence can meet your nuclear valving needs with 
important savings in cost and time? 
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CRANE CO., 4100 So. Kedzie Ave., Chicago 32, Ill. 


VALVES + ELECTRONIC CONTROLS + PIPING 
PLUMBING + HEATING - AIR CONDITIONING 
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WHEN ALL IS SAID AND DONE, EVERY REACTOR 
DEPENDS UPON ITS FUEL ELEMENTS... 


DRAGON and other High Temperature reactors pose | reductions in permeability, even at the high temper- 
more than usually difficult problems in this respect, in | atures involved in DRAGON. 

that few canning materials can meet the triple require- Today's nuclear developments are tomorrow’s 
ment for strength at high temperature, smal! appetite | industrial necessities. . 
for neutrons and impermeability to fission gases. 
GRAPHITE, with its high temperature capabilities, 
goes far to meet these needs, but in its usual form it is 
too permeable to the passage of fission gases at the 
temperature concerned. Gland Seatings Heat Exchangers - High Temperature 
HAWKER SIDDELEY, in collaboration with DRAGON, Bearings and Bushes - Hot Pressing Dies - Nuclear Fuel Cans 
U.K.A.E.A.andR.A.E. Farnborough, have now developed Rocket Nozzles - Sealing Rings - Vacuum Furnace Linings. 
an impregnation process which has resulted in large 


THE 
HEART 
OF 





HAWKER SIDDELEY IMPERMEABLE GRAPHITE FOR 


Bursting Discs - Chemical Plant - Crucibles - Electrodes 

















HAWKER SIDDELEY NUCLEAR POWER CO. LTD. 
SUTTON LANE, LANGLEY, ENGLAND. TEL: SLOUGH 24451. TELEGRAMS: NUCLEPOWER SLOUGH 
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Design Engineering for 


NUCLEAR 
POWER 


With a background of 69 years of providing 
consulting service to the electric utility 
industry for conventional electric generating 
capacity, Sargent & Lundy has now developed 
an extensive experience in the nuclear power 
field. The firm’s nuclear activities started 
with the historic Borax III installation at 
Arco, Idaho and have continued through the 
design of the EBWR Facility at Argonne 
National Laboratory, the Elk River Reactor 
Project and the current design of a Process 
Heat Reactor Project to be constructed near 
San Diego, California. In these and other 
projects, Sargent & Lundy is devoting its 
capabilities to the progress and development 
of the nuclear power industry! 


An outline of experience 


e Turbine Installation for the Borax III 
Experimental Reactor Facility 


e Experimental Boiling Water Reactor Facility 
including revisions to permit 100 MWt operation 


e Elk River Boiling Water Reactor Facility 


e Experimental Low Temperature Process Heat 
Reactor Project 


e Containment for Belgian Pressurized 
Water Reactor 


e Design Study of Heavy Water Moderated 
Power Reactor Plants 


e Conceptual Design of 50 MWe Prototype 
Boiling Water Reactor Plant 


e Design Studies of Saturated and Superheated 
Boiling Water Reactor Plants 


e Study of Containment Costs 


140 SOUTH DEARBORN STREET. CHICAGO 3. ILLINOIS 


Vol. 18, No. 10 . October, 1960 





Small nuclear power systems could provide world-wide communications network. 


NUCLEAR POWER IN ORBIT 
At this moment engineers and scientists at Atomics International are extend- 
ing the boundaries of present day technology to provide this country with 
lightweight, long-life auxiliary power systems for outer space applications. 


These systems must be light in weight, fully automatic, completely reliable... 
yet must provide thousands of watts of electricity for periods up to one year 
without maintenance. 
We need creative engineers and scientists to help us provide this new source 
of auxiliary power for outer space. 

IMMEDIATE OPPORTUNITIES ARE AVAILABLE IN: 


STRESS ANALYSIS. Degree plus five or 
more years of experience either in thermal 
stress or dynamic stress resulting from 
shock and vibration loads in aircraft struc- 
tures. Responsibilities will entail design 
support for compact nuclear power plants 
for space applications, including review of 
all designs with respect to stresses result- 
ing from thermo gradients and transients, 
static loadings, and vibrational and shock 
loadings. 


CORE ANALYSIS. Core analysis of com- 
pact reactors including both core statics 
(criticality, reactivity coefficients, control 
statics) and stability analysis (core tran- 
sients, amplitude response, interpretation 
of oscillator and noise measurements). 


SHIELDING ANALYSIS. Analysis of thin 


shield systems using high speed com- 
puters. Proposal of experiments to sub- 


stantiate calculations and analysis of test 
results. Degree and three to five years 
experience required including an under- 
standing of Monte Carlo methods. 


THERMOELECTRIC. Electrical engineer 
with one or more years experience in the 
development of thermoelectric equipment 
to originate and develop advanced, light 
weight thermoelectric equipment for use 
with compact nuclear power plants for 
space and other mobile applications. 


HEAT TRANSFER. Senior engineer to be 
responsible for system engineering studies 
on the thermal, hydraulic and thermody- 
namic performance of compact power re- 
actor systems. 

For specific details write: Mr. C. K. Newton, 


Personnel Office, Atomics International, 8900 
DeSoto Avenue, Canoga Park, Calif. 


ATOMICS INTERNATIONAL 


A DIVISION OF NORTH AMERICAN AVIATION, INC. 
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PICKER NUCLEAR 


announces a new line of 


transistorized NUCLEAR 
TRAINING INSTRUMENTS 








PICKER QUALITY AT ““SBUDGET’’ OUTLAY 


Picker Nuclear announces a comprehensive line of 
basic instrumentation for training students 

in radioisotope technics. Uniquely versatile, these 
instruments permit the scheduling of full 

laboratory courses in radioisotope technics (including 
such important fields as pulse height analysis 

and rate function studies). 


The cost of this new equipment falls well within 
the reach of modest equipment budgets. 
Instruments can be delivered before the start of the 
1960-61 academic year. For details, please call 

any local Picker office (see phone book) or write 
Picker X-Ray Corporation, 25 South Broadway, 
White Plains, New York. 


Hallmark of quality nuclear instrumentation 


Standing behind every Picker 
instrument is a local member of the 
Picker X-Ray national sales and service network. 


He’s there to protect your investment. 
Because of him the user of a Picker instrument is never left stranded. 
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GAMMA SHIELDING 





CONSULT PACECO 


OUTSTANDING SOURCE FOR 


PACECO built the shielded cab for this unusual 
vehicle which will be used in the development 
of Nuclear power plants for aircraft. 


Looking down into cab with top cover 
removed, prior to equipment installation, 
shows cab walls containing 12” to 16” 
thicknesses of lead. 





One complete Service—One Responsibility * 


* CONSULTATION PACECO can assist you in selecting 
the most efficient and economical equipment design for 
your project. Rare experience developed while equip- 
ping Nuclear projects of the AEC and private industry 


PACECO. Literally hundreds of unit parts were com- 
bined into weldments during the fabrication of this 
shielded cab. The finished product encases within its 
walls, protective lead 12” to 16” thick. 


during th t 12 . bett i t wh 
Oe ACE OO ot the plamning tier GAMMA PROBING-TESTING PACECO offers a com- 


you consult PACECO at the planning stage. 


*DESIGN From your basic specifications, PACECO de- 
velops the final product most suited for your require- 
‘ments. 37 years experience in the design of heavy fab- 
rications enables PACECO to serve you with better 
designs resulting in lower first costs and more efficient 
equipment. 


*FABRICATION Complete facilities plus experience 
make PACECO unique in ability to fabricate heavy 
equipment to close tolerances. The 85,000 Ibs. shielded 
cab illustrated above has tolerances of +.005 of an 
inch—a usual, rather than unusual, specification for 


plete probing and testing service; Spectrometer—Gamma 
Probe for Gamma Shield Inspection of material; Gam- 
magraphing; Helium Leak Testing; Ultra-sonic Testing 
of Lead Bond; as well as X-Ray, Magnaflux and other 
standard testing methods. 


PACECO is an INSMETAL licensee. INSMETALS are Lead- 
Surfaced Metals with few if any fabricating limits. They 
combine the excellent gamma shielding attributes and 
fine corrosion values of Lead with well-known proper- 
ties of Aluminum and its Alloys in BAUXILUM; Copper 
and its Alloys in CUPRALUM; Carbon Steel in FERROLUM; 
Stainless Steel or other Nickel Alloys in NICROLUM; and 
Stainless Clad Carbon Steel in FERRO-NICROLUM.—Send for brochure. 





HOME OFFICE: 








PACIFIC COAST ENGINEERING CO. 


Torrance, California New York, New York REPRESENTATIVE: 


Alameda, California (Los Angeles Area) 51 East 42nd Street Houston 1, Texas 
P.O. Drawer “E” FAirfax 0-0341 OXford 7-1475 P.O. Box 1035 
LAkehurst 2-6100 Los Angeles — SPruce 5-1089 MOhawk 4-3504 
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BIG—BUT TAKEN IN STRIDE BY B-L-H’s FABRIGATING TEAM 


Fabricating jobs like the nuclear reactor being installed 
for the AEC at Hallam, Nebr., are no strangers to 
B-L-H. We have handled such tasks many times. 

To get an idea of what’s involved, note these facts about 
the Hallam reactor: 


Reactor vessel 
* 19 ft. in diameter, 33 ft. high, welded of Type 304 stainless 


steel 

* Metal thickness range from % to 2 in. 

* All material subject to ultrasonic inspection; all welds in- 
spected radiographically, also with dye penetrant and helium 
leak detection equipment 


Reactor containment vessel 


* 21 ft. in diameter, 36 ft. high 

* Bottom head fabricated of carbon-silicon steel, main barrel 
section of chromium molybdenum steel 

* All welds radiographed, bottom head section stress relieved 


Keep in mind, too, the fact that for parts as large as these 
—and with the limited amount of machining—the toler- 
ances call for highest accuracy in fabrication. 

Handling big fabricating jobs economically and efficiently 
is our stock in trade. So take advantage of our exceptional 
experience and competence. Consult us about your next 
project and write now for a copy of our illustrated Weld- 
ment Bulletin 7001. 

Loading face shield shell of 


Hallam reactor being check- 
fitted to upper cavity liner 





BALDWIN :- LIMA: HAMILTON 
Industrial Equipment Division - Philadelphia 42, Pa. 
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NEW .. . for high-level alpha-gamma hot cells—for Sensitive and reliable, Model A manip- 
handling pyrophoric, highly toxic gaseous or air- ulators are designed for dextrous, posi- 
borne particulate materials— wherever complete tive control and complete containment 
atmospheric control, prevention of dissemina- with shielded enclosures. 


tion by explosion or other accident is essential . . . 
CONSIDER THESE IMPORTANT 
complete containment is FEATURES: 
SEALS— Double rotary mechanical 
provided by central research seals between master and slave mech- 


model A sealed manipulators anisms insure reliability. Space between 
seals may be pressurized to monitor seal 
integrity. One seal is always operative 
even when changing seal tubes. “‘Push- 
thru” seal-tube replacement technique 
does not require complete wall port 
opening. Seal-tube features mean that 
all contaminated assemblies remain in- 
side cell for disposal or decontamination 
and need never be brought out to the 
operating face. 


OPERATION —Careful counterbalanc- 
ing, reduction of mass, friction and lost 
motion make forces in the ounce range 
sufficient to initiate all motions. Easily 
handles 20-pound load per arm. Bilateral 
drive and force reflecting design charac- 
teristics give remarkable “sense of feel,”’ 
reducing training time to a minimum. 


MAINTENANCE—Three standard, in- 
terchangeable subassemblies: master 
arm, slave arm, and seal tube, simplify 
maintenance. A crane and simple fixture 
are sufficient for remote connection or 
removal of slave arm. Alignment pins 
assure positive slave arm positioning. 
All slave-end motions lock at disengage- 
ment for easy relocation. 


CENTRAL RESEARCH... 
MANIPULATORS FOR EVERY NEED 








\ 


Model 8 ; aff . Model B 
Thru-Wall Installations : fs || , | Canal Manipulator 

















Restricted Space Installations Over-Wall Installations 


For further information write: 


laboratories, inc. 
Red Wing, Minnesota, Dept. 110 
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i In-pile loops are 
tough engineering problems. 
Look at the ETR in Idaho: 
Vitro designed three test loops 
and a 2Mw experimental cooling loop. 
Vitro’s design staff, alone 
or teamed with reactor specialists, 
can do the whole nuclear job 
from critical experiment 





to completed power plant. J 





Vitra 


VITRO ENGINEERING COMPANY /A Division of Vitro Corporation of America/NEW YORK-WASHINGTON - LOS ANGELES - TORONTO /OVERSEAS: GENEVA- MILAN - BOMBAY 
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Foxboro control console . . . designed and built as a single unit — for Public Service of New Hampshire, Bow Station 


a bold concept in 
central station instrumentation 


Central station control room panels have looked 
pretty much the same in generating stations built 
in the past decade. Now, The Foxboro Company 
introduces a dramatic new concept in control 
room instrumentation. 

Called the “Consotrol Approach,” the new 
system blends the separate instrument panel and 
the separate operator’s console into a single, 
integrated operating unit. The expense of trans- 
mitting variables to the panel and to the console 
is eliminated ; control room size is reduced; plant 
operation is simplified. 

But what makes the new system really pay off 
is its use of small-case Consotrol* electronic and 
*Reg. U.S. Pat. Off. 


pneumatic recorder-controllers. These unique 
Foxboro instruments are so compact that four 
can be mounted in the panel space required for 
a single large-case recorder. Result: control 
panels which would normally run up to 50 feet 
in length, can now be erected in a fraction of the 
space — and at a fraction of the cost. 

At a time when instrument outlay accounts for 
as much as 10% of new construction costs, the 
Foxboro Consotrol Approach is particularly 
worthy of close Industry investigation. For more 
complete details write The Foxboro Company, 
6210 Neponset Avenue, Foxboro, Massachusetts. 
Ask for Bulletin 1-17. 
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Pre-Engineering by KAISER ENGINEERS 


answers basic plant expansion questions... 





. 
Ti mely? Many complex factors shape the final decision to proceed with your expan- 
sion plans...and timing is an important one. Independent analysis of all aspects of your proposed 
program is the Pre-Engineering service offered by Kaiser Engineers. The studies and evaluations 
furnished by KE Pre-Engineering represent only one phase of total KE services. Kaiser Engineers 
designs and builds all types of power plants—steam-electric, gas turbine, combined cycle, nuclear, 
and hydro-electric. From Pre-Engineering through design and construction, Kaiser Engineers 


provides complete, one-company service and ingenuity based on years of experience. 


Kasen yo 
| i ™ 
Comomeers KAISER ENGINEERS “Sontectingsince i012 


Oakland 12, Calif.— Chicago, New York, Pittsburgh, Washington, D.C. 


Accra, Buenos Aires, Montreal, New Deihi, Rio de Janeiro, Sydney, Vancouver, Zurich 





Rio Tinto 


THE WORLD’S MAJOR 
URANIUM PRODUCING GROUP 


AVAILABLE PRODUCTS 
Uranium Mill Precipitate 





Ammonium Diuranate 

Uranyl Nitrate Hexahydrate 
Uranium Tetrafluoride 

Ceramic Grade Uranium Dioxide 
Uranium Metal 

Thorium Oxide and Salts 





Facilities exist for fabrication to 


individual requirements. 


FUEL FOR THE 


INDUSTRIAL REVOLUTION 


The Rio Tinto Group, with uranium interests 
in Canada, Europe and Australia, is geared to 
meet the uranium needs of refineries, fabri- 
cators, nuclear power plant manufacturers and 
operators through the important nineteen 


sixties and beyond. 


ENQUIRIES ARE INVITED TO: 


THE RIO TINTO MINING COMPANY OF CANADA LIMITED 722,227 Sreet. 


Toronto, Ontario, Canada 


Barrington House, 


RIO TINTO MANAGEMENT SERVICES (UK) LIMITED 59 Gresham Street, 


LONDON E.C. 2, England. 
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Type of Stacking Patented by French C.E.A. 


An improvement in Pechiney Beryllium. 


Pechiney is now in a position to observe the following limits on impurities 
in its Beryllium in flakes: 

Carbon 300 ppm maximum + Aluminum 300 ppm maximum °* Silicon 300 ppm 
maximum * lron 300 ppm maximum * Nickel 200 ppm maximum * Calcium 200 ppm 
maximum * Sodium 300 ppm maximum * Halogens 1,100 ppm maximum (Expressed 
as Chlorine) * Oxygen 2,500 ppm maximum (Determined by precipitate in Bromated 
Alcohol) 


Pechiney is at your disposition to help you solve technical problems 
concerning the use of Beryllium in various areas of application. 


PECHINEY Division Applications Atomiques 


23 RUE BALZAC PARIS 8* 


Vol. 18, No. 10 - October, 1960 





At 00400"01s GMT, October 1, 1960, Martin logged its 690,768,000th mile of space flight 





TITAN—SO miles up: Official USAF Photo 
Air Force-Martin Titan, giant American ICBM, has 


been chosen for a key role in space exploration. One of its 


first missions will be to launch USAF Dyna-Soar — 
manned aerospace craft. Me 24 FET 8 Pa 
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CANADA 


.-- Ilts Importance to You 


Canada’s atomic energy program has an importance that transcends 
Canada’s boundaries. Its importance is well recognized by the U. 8. 
nuclear engineers and scientists who have journeyed to Chalk River to 
take advantage of the superb capabilities of the NRX and NRU re- 
search reactors there. Certainly it is recognized by the Indian 
scientists who, with their Canadian colleagues, recently brought to 
criticality the Canada-India Reactor, an improved NRX-type built 
near Bombay jointly by the two countries. 





Why is the Canadian program so highly regarded and so closely 
followed? For one thing Canada leads the world in exploring the 
natural-uranium-fueled heavy-water-moderated power-reactor con- 
cept. This reactor type fits very well into the nuclear economy of 
Canada, which has vast uranium resources and yet does not have a 
capability for enriching the uranium. It can fit equally well into the 
economy of any country that does not want to be dependent on en- 


riched uranium from abroad. 


Canadian engineering is of high quality, and high-neutron-economy 
heavy-water reactors place great demands on that capability. The 
Canadians must make every neutron count; every fractional diminu- 
tion of reactivity is carefully weighed. There’s no such thing as 
upping the enrichment of the fuel to be used—the Canadians are com- 
mitted to that 0.715% U?** in natural uranium. There’s much more 
reliance on tests, much less reliance on “‘fudge factors”’ when each mil 
of thickness added to the pressure tubes in a reactor is also being 
measured in terms of the effect it will have on power costs. The 
Canadians have led, too, in supporting a more quantitative approach 
to safety problems (see p. 73), and they have not regarded containment 
vessels as sacred. 


Organizationally the Canadians have something to teach us, too. 
Perhaps it’s easier with a smaller, unidirectional program, but it 
certainly is striking how much less of a “crisis” atmosphere one 
feels in the Canadian atomic establishments, industrial as well as 
governmental. 


Canadian capabilities have received new recognition in the new U.S.- 
Canadian cooperative program for development of heavy-water 
reactors. In addition to a broad mutual exchange of personnel and 
information the U. 8. has appropriated $5-million for a research and 
development program ‘‘to be specifically directed towards the heavy- 
water-moderated reactors to be built by Canada.” 


Because we too feel that the Canadian effort is important we have 
devoted this issue of NUcLEONIcs to Nuclear Canada. We hope you 
share our conviction and will benefit from reading Canadian points of 
view as we have benefited from the act of bringing them to you. 

—The Editors 
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U — Uranium mines 
R — Reactors 


C — Colleges & Universities 
with Nuclear Programs 





1 — Nuclear Industry 


FIG. 1. NUCLEAR CANADA, rich in 
uranium, needs nuclear power to fill the 
needs of highly industrialized, heavy popu- 
lated southern Ontario. First nuclear 
power station, product of her Chalk River 
laboratories and growing nuclear industry 
will point the way 
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NOVA SCOTIA 


WPT ata Glance 


A GLANCE AT THE MAP above tells much U.S. coal fields across Lake Erie or from 
of the story of nuclear Canada, of why Canada’s own uranium. Helping nu- 
this country is engaged in an atomic- clear power is the fact that capital 
energy effort of major size. For Can- charges are low for the publicly-owned 
ada is rich in uranium and has ex- Ontario Hydro, helping too is Canada’s 
hausted her hydroelectric potential in strong nuclear tradition and growing 
heavily populated, highly-industrial- nuclear industry. 

ized southern Ontario (see inset). New Canada’s atomic energy program is 
power for the Ontario Hydro Electric organized differently from that of the 
Power Commission’s grid can only’ U.S. (see Fig. 2). Atomic Energy of 
come from fossil fuel imported from Canada Ltd., is the governmental organ 





Privy Council Committee on 
Scientific and Industrial Research 
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Atomic Energy Atomic Energy Eldorado Mining 
of Canada Ltd. Control Board and Refining Ltd. 


























FIG. 2. GOVERNMENT ORGANIZATIONS responsible for atomic energy in Canada 
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for the exploitation and promotion of 
atomic energy. A second body, El- 
dorado Mining and Refining Ltd., is 
charged with the purchase of uranium 
from mines and mills and its processing 
at a refinery in Port Hope. Both 
Eldorado and AECL are so-called 
Crown companies—this means that 
their shares are held by a Minister of 
the Crown in trust for Her Majesty the 
Queen and that they can act only as 
agents of the Crown. In all other 
senses they function as any other com- 
pany and, in particular, can (and do) 
engage in profit-making activities. 
The Atomic Energy Control Board is 
responsible for regulatory matters. 
Thus, the Canadians have, in principle, 
that separation of regulatory and pro- 
motional obligations which many have 
called for in the U. 8S. program. 

The Atomic Energy Control Board, 
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like the U. 8. AEC, has five members, 
but there the similarity stops for the 
entire full-time professional supporting 
staff consists of one legal advisor and 
Its budget of 
$706,000 divides into two pieces: $650,- 
000 for grants to universities for nu- 
and research and 
$56,000 for its own modest administra- 
To help it carry out its 
regulatory work the Board makes use of 
personnel of the Federal and Provincial 
Health departments. In addition, 
AECL personnel act as advisors to the 


two scientific advisors. 


clear equipment 


tive expenses. 


Board in connection with licensing and 
standards problems. 

Relations between the crown com- 
panies and the Control Board are very 
close—J. L. president of AECL, 
is a member of the Control Board as is 
W. M. Gilchrist, president of Eldorado. 
The president of the National Research 
Council is, ex officio, another member, 


Gray, 


providing a tie to still another organ of 
The head 
offices of all three organizations are in 
And all 
three report to the Honourable Gordon 
Churchill, Minister of Trade and Com- 
in his capacity as chairman of 


nuclear research in Canada.) 


the same building in Ottawa. 


mere 
the ministerial-rank Committee of the 
Privy on Scientific and Indus- 
trial Research. 

Atomic Energy of Canada Ltd. is a 
much larger and more complex organ- 
ization than the Control Board. It 
has 2300 employees and an annual bud- 
get that runs slightly over $32-million. 
The principal activities of AECL are at 


Council 


Chalk River, where the research and 
development activities are centered but 
there are also substantial groups in the 
Nuclear Plant Division at 
Toronto and in the Commercial Prod- 
NPPD is 
responsible for design of Canada’s first 


Power 


ucts Division at Ottawa. 


FIG. 3. 


full-scale (200-Mw) nuclear power sta- 
tion, CANDU, and supervises projects 
being carried out under contract such 
as NPD-2, the 20-Mw prototype for 
CANDU. CPD sells (for profit) radio- 


isotopes and high-activity irradiators. 


Industry's Role 

Even as the Atomic Energy Act of 
1954 was the Magna Carta for the U.S. 
atomic industry so AECL invitations 
to participate in NPD-1 in 1954 gave 
Canadian firms the green light for get- 
ting into the nuclear business. Some 
of the early entries have dropped out 
but enough are left and prospects for a 
healthy industry are sound enough that 
this year saw the formation of a Cana- 
dian Nuclear Association (see p. 23 for 
story). 

The three leading Canadian nuclear 
companies in terms of volume of nu- 
clear business are all offshoots of U. 8. 
firms. Canadian General Electric Co. 
(Peterborough) is first among the three, 
followed by AMF Atomics (Port Hope) 
and then by Canadian Westinghouse 
(Toronto). 

CGE’s dominant sales position re- 
flects its having gotten AECL contracts 
for the design, development and con- 
struction of the $32-million NPD power 
prototype (to whose costs CGE con- 
tributed $2-million) and for the design 
of OCDRE, an experimental organic- 
cooled D.,O-moderated reactor for 
which CGE provided the concept. 
CGE’s fuel-fabrication facility works 
overtime making Zircaloy-clad ura- 
nium oxide fuel for NPD’s first core 
(value $2-million). 

AMF Atomics, Ltd. (Port Hope), 
while solely a fuel fabricator (they pro- 
vided the pool reactor for McMaster 
University but only as agents for AMF 


Atomics Division of the U.S. American 
Machine & Foundry), is perhaps the 
only one of the three whose operation is 
profitable. They hold the contracts 
for supplying metal fuel for NRX and 
NRU (which produce plutonium for the 
U. S. while they produce neutrons for 
research) through 1964. Recently 
they consummated the first all-com- 
mercial fuel contract in Canada—for 
Japan’s JRR-3 heavy-water research 
reactor. They share with CGE fuel 
development for CANDU. 

Canadian Westinghouse (Hamilton) 
seems to have its main strength in the 
design and fabrication of in-pile test 
loops—they’ve built several for NRU 
and the U. S. Westinghouse Testing 
Reactor. Materials studies—in par- 
ticular on zirconium alloys and beryl- 
lium—are another forte. They re- 
cently completed a study for AECL of 
the feasibility of package power reac- 
tors for the North of Canada—but the 
essentially negative conclusions of that 
report mean no follow-on business for 
Westinghouse in that department. 
Company officials are frankly admitting 
they’re keeping their operation small 
until nuclear power is a bigger thing in 
Canada. 

Also 
Orenda 
business 


waiting in the wings is 
Engines, Ltd., hungry for 
because of cutbacks in its 
aircraft revenues, but limited to 
date to development studies, 
cially on steam cooled concepts for 
AECL. They also manufacture reac- 
tor components. 

AECL’s official attitude is to encour- 
age industrial participation. Regular 
symposia are held to inform industry of 
nuclear power progress and require- 
ments, and—most important—equip- 
ment is purchased outside wherever 
feasible, 


espe- 


CHALK RIVER laboratories border on Ottawa River; NRU is in large building in center, NRX is to right of it 
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Competitive Nuclear 


Operating on natural fuel costs of less than 1 mill/kwh 


CANDU-type reactors will compete successfully with modern 


coal plant for 200-Mw(e) base-load duty on Ontario power grids 


URANIUM Is a much cheaper fuel than 
coal, but nuclear plants are more expen- 
sive than coal-fired plants. 
expect, however, that as more nuclear 
plants are built, the costs will fall con- 
siderably. Already our engineers in 
Canada estimate for the CANDU reac- 
tor that the second and subsequent re- 


We can 


actors of this type will be fully competi- 
tive for load factors higher than 60°. 

In the industrial region of Southern 
Ontario the total demand for electric 
power is rising by more than 200 Mw/(e) 
each year. We expect this annual de- 
mand for new generating plant to dou- 
ble within fifteen With the 
completion of the St. Lawrence Seaway 


years. 


the available water power has been al- 
most all harnessed. The new demand 
for power is being met by the installa- 
tion of large-capacity thermal plants, 
notably the 1,800 Mw(e) Lakeview 
Plant, near Toronto, burning coal, im- 
ported from the U.S. at $8-$9 a ton. 

There is every expectation that future 
increases in plant capacity in Canada 
will be shared between nuclear and con- 
ventional thermal plants. The present 
price of coal sets the level at which nu- 
clear power must compete; coal prices 
may rise, but if they do, oil and natural 
gas will come in, which together with 
possible improved efficiencies will hold 
the cost of fossil-fuel power at its pres- 
ent level for the next two decades. 

I propose to compare, in some detail, 
the expected cost of power in Ontario 
from nuclear and conventional plants. 


Fuel Costs 


Consider fuel costs first. Coal at 
$8/ton contributes about 3 mills/kwh 
to the cost of conventional power. The 
estimate for the nuclear fuel for 
CANDU is 1.1 mills/kwh (see p. 60), 
falling almost immediately to 0.9 
mill/kwh. Potentially the nuclear fuel 
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cost could fall even lower as the scale of 
production increases and we learn from 
experience to distinguish the essential 
from the nonessential in our costly 
fabrication procedures. 

CANDU 


clear fuel-cycle costs (certainly for en- 


In contrast to most nu- 
riched fuels) involve either complex 


unknowns such as fuel reprocessing 
costs or assigned buy-back prices for 
fuel. The CANDU 
cycle is free from such involvements; 
after irradiation the 
permanent storage 


the irradiated 


fuel is put in 
at no credit value 
even though later on it may be sold for 
its plutonium content. 

To see how far the CAN DU fuel cost 
may fall, we note that over the next few 
years the price paid for uranium to the 
producers is expected to pass through 
a minimum generally accepted to be 
below $6/lb of U3;0s in mine concen- 
trate. The CANDU type of reactor 
will derive about 10,000 Mwd(th) (see 
p. 69) from a metric tonne (1,000 kg) 
of uranium or 2,600 lb of U,0s. The 
CANDU plant has a net efficiency of 
29.1%, so that the net electrical energy 
is 2,910 Mwd(e) or 70,000,000 kwh(e). 


By W. B. LEWIS, Atomic Energy of Canada Ltd., Chalk River, Ontario, Canada 


The 2,600 lb of U3O0s will cost less than 
$15,600, which contributes 0.22 mill/ 
kwh to the fuel cost. The gap between 
0.22 and 0.9 mill/kwh represents the 
estimated cost of fabricating the fuel 
into suitable form and is many times 
the cost of the extra cladding and struc- 
tural material (zirconium alloy) intro- 
duced. 
that 
possible, the fueling cost could perhaps 


When fuel is standardized so 
automatic fabrication becomes 
be brought down to 0.6 mill/kwh even 
during the lifetime of the first CANDU 
reactor and to less for larger reactors of 
the CANDU type with higher burnup 
and staticn efficiencies 


Effect on Capital Costs 


Let us now calculate what this low 


(see p. 60). 


fuel cost will mean in terms of allowable 
The 
coal-fired Lakeview plant is estimated 
to cost about $137/kw(e), and its fuel 
cost will not be less than 3 mills/kwh. 


capital cost for a nuclear plant. 


The operating costs for large nuclear 
plants are not expected to be very dif- 
ferent 
plants. 


from those for large coal-fired 
The large-scale operations of 


coal and ash handling are balanced by 
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Power for Canada 


the costs of heavy-water makeup and 


upgrading.) We therefore, as- 


can, 
sume operating costs the same; if any 
difference exists, one way or the other, 
it would be no more than 0.3 mill/kwh. 

In addition to the operating cost c, of 
about 0.6 mill /kwh, we can identify the 
following factors contributing to the 
total cost of power: fixed annual charges 
including interest on capital), amorti- 
insurance and taxes on the one 
hand, and fueling cost c;, on the other. 
The fixed 
tional to the capital investment, but it 


zation 
charges are not all propor- 


is convenient to express them as a fixed 
unnual rate A on the total capital 
C {in $/kw(e)] 


The total cost of power is then 


CA 


876.6 


>, mills/kwh 


( + ¢ 


where u is the capacity (load) factor 
and 8,766 is the hours per year. 

The difference 
nuclear and conventional plants, if we 


in costs between the 


assume A, uw and c, are the same, is then 


{ 


876.64 


A(C) + Ales) mills/kwh 


represents the difference of the 


in parentheses. 


where A 
quantity 
We | 
for the 
3 0.9 2.1 mills/kwh. 
stem A is less than 7%, 
2.* 4/876.6u < 0.01. The ex- 
tra allowable capital cost of the nuclear 
t least $210/kw(e). With the 


ave seen A(c;) gives a savings 
nuclear plant of not less than 
In the On- 
tario s\ so for 


u Ss) 


plant is a 


estimate of C = $137/kw(e) for the 
large conventional plant the total capi- 
tal cost for the nuclear plant can be 
$347/kw(e). We estimate that a sec- 
ond CANDU would actually be built 
for no more than this; in subsequent 
plants the power may go up to 300 
Mw(e) or 400 Mw(e) and the capital 
cost, excluding effects of inflation, 
would fail below $300/kw(e) and possi- 
bly to $265/kw(e). For C = $300 
kw(e), A = 7%, u = 0.8, c = 0.9 and 
c, = 0.6 mill/kw(e) the cost of power 
becomes 4.5 mills/kwh(e). 

In other circumstances the rate for 
annual charges may be different but 
the corresponding costs are readily 
evaluated from the information given. 
For example, in the United States A = 
14% would be more typical for a private 
utility; if we take this value for A and 


* In 1958, 80% of the total kilowatthours 
supplied by Ontario Hydro plants was 
produced at a load factor of 70% or better 
(Annual Report Hydro Electric Power 
Commission of Ontario, 1958). 


leave the other parameters unchanged, 
the cost of power becomes 7.5 
mills/kwh(e). 


Bases for Cost Predictions 


The preceding expectations presume 
no advances in technology such as the 
production of a new alloy, or operation 
at higher fuel ratings than already 
tested. They do, however, presume 
manufacturing and construction devel- 
opment because reactors of the CAN DU 
type have not yet been put into oper- 
ation. Onthe other hand the CANDU 
reactor is very closely similar in most 
important respects to the NPD-2 
(Nuclear Power Demonstration) reac- 
tor that is nearing completion. The 
fuel channels and fuel bundles are of 
the same size and both reactors employ 
horizontal, on-power, bidirectional re- 
fueling [see p. 66 for article on refuel- 
ing]. The fueling machines for NPD-2 
are, therefore, full scale. 

Reactivity lifetime. The prediction 
of the fuel burnup involves two separate 
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predictions, namely the initial excess 
reactivity and the change with burnup. 
The initial excess reactivity is so great 
that neither NPD nor CANDU can be 
loaded initially wholly with natural 
uranium. To bring the reactivity down 
to a reasonable level we propose not to 
use a burnable poison but rather to 
make up a small fraction of the initial 
loading from uranium depleted in U?**. 
The neutron capture in U*** in such fuel 
is similar in its effect on reactivity to a 
burnable poison but is more economical 
of neutrons because the plutonium thus 
produced remains in the reactor as 
added fissionable material. If the 
initial fuel loading in CANDU were 
wholly natural uranium, we calculate 
that the excess reactivity would be 


Ak 
about 5% or as we commonly 


express this in Canada 50 milli-k—at 
full power. The basis for this calcula- 
tion comes from measurements in the 
zero power reactor, ZEEP, at Chalk 
River. These experiments have in- 
volved actual 19-element bundles of 
UO, fuel, Zircaloy tubes, and even a 
hot heavy-water-cooled channel in a 
pressure tube to ascertain the effective 
neutron temperature. Similar but less 
elaborate experiments formed the basis 
for predicting the reactivity of the 
200-Mw NRU research reactor com- 
missioned in 1957 and in operation at 
Chalk River. For that reactor the 
predicted excess of 40 milli-k was real- 
ized within experimental error of about 
2 milli-k. For CANDU there is one 
difference, namely the very high maxi- 
mum temperature of the UO: fuel at 
full power; but the extrapolation to 
embrace this—the so-called Doppler 
effect—is believed accurate within 3 or 
4 milli-k. Moreover, if reactivity 
should prove lower initially, it can only 
be due to an increased production of 
plutonium, which will prolong the 
burnup. The net reduction would be 
less than 3% in burnup. 

The second prediction is the change 
of reactivity with burnup, on which a 
special study has been made over many 
years as discussed by A. G. Ward in his 
article on p. 69. 

Radiation damage. Irradiations of 
sintered UO, in various forms and 
power ratings, with and without rup- 
tures in the cladding, have been carried 
out in the NRX reactor over a number 
of years. Irradiations have gone to 
100,000 Mwd/tonne of U (ten times 
our operating goal) and to tempera- 
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Cost Estimates for CANDU: The Ground Rules . . . 


The 1959-1960 Annual Report of AECL estimates a power cost of 6-7 
mills/kwh for the first 200-Mw(e) station! and 12-15% less for the 400- 


Mw(e) station (see Table 2). 


The estimates for the first 200-Mw/(e) unit 


at the Douglas Point Station are derived on the following bases: 


@ Fueling Cost 


Fuel cost = $30/lb UO, (expected to fall to $24/lb UO.) 


Fuel burnup = 9,750 Mwd/tonne U 


Net station efficiency = 29.1% 
No credit claimed for spent fuel 


Hence fueling cost initially = 1.10 mills/kwh but expected to fall to 0.88 


mill/kwh 


@ Fixed charges 


Charges include interest, insurance and depreciation covered by a sinking 
fund for which asset lives are assigned as follows: 


Reactor and fueling equipment 
Other plant and half initial fuel charge 


Heavy water 


The insurance rate is $1/kw per year (~0.14 mill/kwh). 


15 years 
30 years 
40 years 


The reactor is 


designed with all parts replaceable so that its life can be extended to match 


the 30 year life of the remainder of the plant. 


Heavy water is replaced and 


upgraded on the operating account so it becomes a nondepreciating asset; 
according to utility custom for such assets it is written off in 40 years. 
The interest rate, although subject to fluctuations (which will reflect them- 
selves in the total cost of power), is expected to be in the range of 4.5-5.5%. 
Combining these factors we get a total fixed charge rate of 6.5-8.0%. 


@ Operating cost 


We estimate staff including overhead at an average of $10,000/yr per capita. 
The total staff for the first plant would be 100. The Douglas Point site is 
laid out for two reactors with a total output to 400 Mw(e); for both reactors 


the staff would increase only to 110. 


The total for replacement and upgrading of heavy water, other supplies and 
maintenance is estimated at 1.02 mill/kwh for the 200 Mw/(e) station or 
0.70 mill/kwh for the 400 Mw(e) station. 





tures beyond the melting point of UO», 
in thick and thin cans. We can say 
with confidence that the burnup will be 
limited only by reactivity and that the 
° center 
specified rating of if k dé = 40 
sheath 
w/cm* (or 503 w/em length of solid 
round rod) is satisfactory and that fis- 
sion-gas release will not cause any 
swelling or deformation of the can. 
Zircaloy clad. Zircaloy has proved 
adequately corrosion-resistant for the 
duty specified against both oxidation 
One fuel element at 
full temperature and pressure was ir- 
radiated for 15 months with a defected 
can; the hydrogen in the metal of the 
can averaged less than 300 ppm. In 
the CANDU type of reactor we do not 
propose to leave ruptured fuel in for 


and hydriding. 


* See p. 63 for explanation of fuel-rating 
convention, 


any length of time, as it can be removed 
with the reactor at full power. If, 
however, an unusually serious defect 
developed so that a large surface of ura- 
nium oxide became directly exposed to 
the coolant, we would shut the reactor 
down to remove the element, losing, as 
a result, about 40 hr of operating time 
owing to Xe! , 
rences have been deliberately induced 
and handled in the hot-water loops in 
the NRX reactor. 

Pressure tubes. 
Zircaloy pressure tubes rests on highly 


Several such occur- 


Confidence in the 


encouraging mechanical tests coupled 
with metallurgical understanding. 
Since the annealed metal hardens under 
irradiation, we have chosen to use 15- 
20% cold-worked metal. The prop- 
erty changes of this material are very 
satisfactory under irradiation at tem- 
peratures up to 380° C—well above the 
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. . . and a Detailed Breakdown of Costs 





TABLE 1—Capital-Cost Estimates for CANDU (first unit at Douglas Point) 





Item 


Cost 
($108) 


Running totals 
($10°) 





Site costs, land and improvements 
Building, structures and shielding 
Reactor, boiler and auxiliaries 
Turbo-generator and auxiliaries 
Electrical and instrumentation 
Common processes 

Construction plant and indirects 
Heavy water and helium 


Purchasing, inspection, accounts and insurance 


Contingency 
Subtotal: plant and equipment (1960) 


Escalation (based on 3% price increases p.a.) 


Subtotal: plant and equipment (1964) 
Engineering 
Commissioning including training 


Interest during construction (at 534% p.a.) 


877 
5,009 
11,196 
7,145 
6,100 
3,330 
3,284 
11,677 
1,561 
8,567 


33,657 


50,179 


58,746 
4,163 

62,909 
8,150 
1,250 


9,198 81,507* = $407/kw(e) 


* The Canadian practice of calculating fixed charges is to add on to this amount half of 
the value of the initial fuel charge which would come to an additional $2.3-million (including 


contingency and interest). 





TABLE 2—Power-Cost Estimates for CANDU (mills/kwh) 





First unit 
200 Mw(e) 
3.9 to 4.9 
Lh 
1.0 


Fixed charges 

Fueling 1.1 

Operating 1.0 
Total 

With fueling at 0.88 mill/kwh 
Total 


6.0 to 7.0 


5.8 to 6.8 


2nd unit increment 
200 Mw(e) 


Twin unit 
400 Mw(e) 





4.2 to 5.3 


4.9 to 5.9 4.0 to 5.1 





operating range. Moreover, the 
strength and impact fracture properties 
of the metal after irradiation and con- 
taining up to 400 ppm of hydrogen 
(which implies hydride precipitation) 
have proved quite satisfactory even 
down to temperatures of —130° C. 
Nothing discouraging has appeared in 
our own operating experience with the 
pressure tubes in the NRX and NRU 
Tubes subjected to burst 
tests at operating temperatures and five 
times the operating pressure have split 
cleanly and left the rolled joints in the 
end fittings intact, as described on p. 96 
by W. A. Wolfe. We are continuing 
studies of creep and stress relaxation 
under irradiation but so far have found 


reactors. 


nothing to cause concern. 

D.O makeup. One of the questions 
most often asked concerns the allow- 
ance for loss of costly heavy water. A 
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loss per year that lies in the realistic 
range is 2% on the CANDU inventory 
of 180 tonnes, or 20 lb per day. The 
corresponding makeup would cost about 
$235,000/year, or 0.17 mill/kwh. If 
such a loss were encountered, as much 
as a $1-million capital cost might be 
well spent to reduce it by half. There 
will be some small unavoidable losses, 
for example in the transfer of spent fuel 
to its underwater storage. Even here, 
if necessary, savings can be made—for 
example, washing the fuel in 5% D,O 
could reduce the loss by at least a factor 
often. The cost of upgrading the D,O 
downgraded to 5% should not exceed 
$8/lb, so that the over-all cost of the 
losses would be reduced by a factor of 
three. Such complications are not 
thought necessary because the antici- 
pated losses are acceptable. A major 
feature of both the NPD-2 and CANDU 


plant designs is a sealed-vapor barrier 
at atmospheric temperature and pres- 
sure to contain the D,O expected to 
leak from the reactor and the circulat- 
ing pumps; these leaks, hence, are not 
losses. Within these vapor-sealed 
spaces, circuits carrying normal light 
water are designed and constructed to 
strict specifications to avoid leaks that 
would downgrade the D.O. The 
steam-generating heat exchangers, how- 
ever, keep normal and heavy water 
separate only through the integrity of 
the tubes and seals. Necessarily the 
heavy water is at a higher pressure and 
the normal water is monitored to detect 
any slight in-leakage of D.O. Action 
to repair a leak, eliminate or replace a 
tube or section of the heat exchanger 
would be taken as dictated by the over- 
all balance of costs and values. The 
heat exchanger by which the moderator 
is cooled presents a similar situation. 

Station efficiency. The low position 
of heavy-water reactors in the U. 8. 
AEC 10-year assessment is largely be- 
cause of the low net station efficiencies 
predicted (23% by the then current 
U.S. technology, rising to 26%). We 
might point out that for CANDU the 
turbine contract has already been let 
based on a steam-cycle efficiency of 
33.3%. This figure is guaranteed by 
the turbine manufacturers* and con- 
firmed by consulting engineers. This 
leads to a net station efficiency for 
CANDU estimated at 29.1%. In 
future reactors of the CAN DU type we 
expect these efficiencies will be still 
higher. 

Capital-cost factors. The capital 
cost estimate of the CANDU reactor 
compares favorably with that of other 
heavy-water-reactor designs and ap- 
pears based on sound reasons. Reac- 
tivity contro) by moderator level elimi- 
nates much of the cost of systems that 
employ control rods. We have con- 
trolled the NRX reactor in this way 
since May, 1958. The gas-balance sys- 
tem of scram control also 
inherent safety aspects. 

All large reactors are subject to xenon 
oscillations. The NPD-2 reactor is 
too small for these to be significant. 
The CANDU reactor may just be large 
enough; it falls on the borderline where 
predictions are not very certain. If 
necessary, four adjuster or flux-bal- 
ancing rods of low reactivity worth and 


possesses 


* The contractor is Associated Electrical 
Industries Ltd., Manchester, England. 
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Summary of Data for Douglas Point Generating Station (CANDU)—Canada’s First 


GENERAL DATA 

Reactor 

Type 

Fuel 

Moderator 

Coolant 
Purpose 
Owner 

Plant 

Site 


Heavy water 
Heavy water 


of Ontario 
On Lake 
Ontario 
Mid-1964 
698 Mw(th) 


Location 


Construction complete 
Reactor thermal power 
Generator output 220 Mw(e) 
Net station output 203 Mw(e) 
Over-all station efficiency 29.1% 


REACTOR SYSTEM 


Fuel 
Form .. 


Pressure-tube, pressurized-water 
Natural uranium oxide 
Base-load power generation 


Atomic Energy of Canada Ltd. 
Hydro Electric Power Commission 


Huron 


Bundles of 19 cylindrical 


Tube wall thickness 


Tube inside diam. 

Tube length 

UO.) 
Calandria 


Calandria shell 
Form 
Material 
Internal diam 
Inside length 

Calandria tubes 
Material 
Thickness 
Internal diam. 


near Kincardine, 


Core 


Number of cells 
Cell array 


Lattice pitch (square) 
Active zone fuel capacity 


tubes 


containing sintered UO: pellets 


Zircaloy-4 
19.5 in. 


Cladding 
Length of fuel bundle 
Number of bundles 


Density of pellets 
Thickness of cladding 


Nominal max. sheath 
temperature 

Nominal max. heat flux 

Nominal max. fk dé 


aiaalalaieiee 
575° F 


Coolant Pressure-Tube Assemblies 


Coolant flow Opposite 
tubes 
Max. coolant velocity in 

tubes 
End-fitting material 
Tube material 
Number of tubes 


~25.5 ft/sec 


Zircaloy-4 
306 


12 in each of 306 sites 
coolant inlet and exit feeders 

10.4—10.7 gm/em* 

0.015 in. (0.030 in. for center ele- 
ment in each bundle 


333,000 Btu /hr /ft? (105 watts/cm? 
40 watts/em (see p. 63 


directions in 


Stainless steel type 410 


Max. thermal flux 


10.1 between Avg 


Fueling 


Bundles replaced per 


operation 


adjacent 
General 


Coolant 
Quantity 
Total flow 


Over-all assembly length 


max flux—radial 
Avg./max flux—axial 
Fuel burnup (average) 


Operations per day 
Refueling frequency 
In a central channel 
In an outside channel 


HEAT-TRANSPORT SYSTEM 


0.157 in. nominal (tentative) 
3.25 in. 

17 ft 7 in. 

30 ft 3 in. 


Horizontal cylinder 
Austenitic stainless steel 
19 ft 8 in. 

16 ft 5 in. 


Zircaloy-2 
0.05 in. (tentative) 
4.20 in. (tentative 


306 

Approx. elliptical (20 X 19) 
9 in. (22.86 cm.) 

17.19 tonnes UO, 


Nuclear Characteristics 


10'* n/cm?/sec (average 
across hottest section) 

0.7885 

0.649 

9750 Mwd/tonne uranium 


2 bundles, each 19.5 in. long 


2.5 average 


2 bundles every 4 months 
2 bundles every 6 months 


Heavy water 
94,000 lb 
2.41 X 107 lb/hr 


55,800 gal (U. 8.) /min 





quite distinct from the control system 


will be applied. 

Both NPD-2 and CANDU are de- 
signed to operate with a minimum ex- 
cess reactivity to conserve neutrons and 
thus keep down the fueling cost. After 
any short shutdown, the xenon poison 
rises above the normal level. To over- 
ride this when starting up the reactor, 
booster rods are provided. These are 
rods containing enriched uranium 
cooled by cold heavy water and, for 
safety, limited to slow movement. 
This proves far cheaper than any other 
means of providing the required tempo- 
rary excess of reactivity. 

Such are the main technical bases for 


our expectations. If any reader sus- 
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pects that something of significance is 
being overlooked, we would be most 


anxious to hear of it. 


Future Prospects 

The Canadian program is committed 
at present only to the first 200-Mw(e) 
CANDU unit at Douglas Point. Our 
studies at Chalk River indicate no 
other reactor type is able to compete 
with the CANDU type for such situ- 
ations. In other circumstances where, 
for example, interest and tax rates are 
higher, the reactor design would be 
optimized for a lower capital cost and 
higher fueling cost. 

Although much of the redesign would 
result only from experience with the 


construction of the first CANDU reac- 
tor, certain potential improvements al- 
ready show promise. The greater part 
of the neutron wastage occurs by neu- 
tron absorption in the Zircaloy pressure 
tubes. We already know of stronger 
zirconium alloys that would allow us to 
use thinner tube walls, but the strongest 
We are 
studying a composite tube of the strong 
alloy lined with Zircaloy-4. 

The thermal insulation between the 
hot coolant and the cool moderator is 
provided in NPD-2 and CANDU by a 
space outside the pressure tube filled 
We could save reac- 


have less corrosion resistance. 


with air or COs. 
tivity if this gap could be reduced to 
bring the moderator closer to the fuel. 
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Full-Scale Nuclear Power Plant 


560° F 
Outlet-header pressure 1310 psi 
Inlet temperature 480° F 
1473 psi 


Outlet temperature 


Inlet-header pressure 


Boiler 

8 boilers, each consisting of 10 ver- 
tical U-shell-and-tube heat ex- 
changers and 1 steam drum 

74,500 ft?—boiling area 

11,050 ft*—preheating area 

70% Ni 30% Cu (Monel) 1 in. o.d. 

2,562,000 lb/hr 

583.7 psia 

0.25% moisture 


Number and type 


Total surface area 


Tubes 

Total « vaporation rate 

Steam pressure 

Steam quality 

Feedwater inlet temper- 
ture 340° F (171° C) 


Primary Coolant Pumps 

10 (8 active) shaft-sealed, centrifug. 
2 groups of 5 in series-parallel 

7,000 gal (U. 8.) /min 

200 psi 


Number and type 
Arrangement 
( apacity (ea } 


Operating head 


CONTROL SYSTEM 
Vethod of Changing 
Reactivity 
Moderator leve | 
Absorber rods Trim 
Startup after short shutdown 
Added for cold startups; removed 
for operation 


Purpose 
Startup, shutdown, scram 


Enri hed rods 


CdSO, in moderator 


TURBINE-GENERATOR 


One 220 MW tandem compound 
turbine-generator with moisture 
separators and reheaters. Gen- 
erator is 3 phase AC with motor- 
driven exciter 


A 


SCALE MODEL of Douglas Point Station shows two reactor units 
that can be accommodated. Only one has been authorized to 
date 


Throttle steam pressure 579.7 psia 

Throttle temperature 482° F 

Number of steam 
separators 

Number of reheaters 

Steam conditions to low- 


2 in parallel 
2 in parallel 


pressure cylinders 
Pressure 67.9 psia 

Temperature 430° F 
Condenser back pressure 1 in. Hg 
Number of stages of feed- 3 low pressure heaters 
1 direct-contact deaerator 
2 high-pressure heaters 


heating 


Final feedwater 
temperature 
Cycle efficiency 
Power output 220,000 kw (p.f. = 0.9) 

Shaft speed 1800 rpm 
Terminal voltage 18 kv 
60 cycles /sec 


340° F 
33.34% 


Frequency 
Phase 3 
Condenser 
Type and number | horizontal single-pass 
surface condenser 
158,000 ft? 


Surface area 





We are studying designs of thermally 
insulated composite pressure tubes. If 
are successful we will be able to 

yr a combination of a flatter flux 
ribution and a smaller reactor ves- 
oth these changes reduce the mean 

» but effect some saving in 


sign of a power reactor. 


| greater capital-cost savings are 
x sought for reactors of power lower 


than 200 Mw/(e) by replacing the pres- 
surized heavy-water coolant with an 
nic liquid [see article on the OCDR 
ept (organic-cooled heavy-water- 
moderated reactor) on p. 78]. The 

alty of neutron losses to the hydro- 


on 


ms in the organic liquid is partly 
the reduced losses in the insu- 
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lated coolant tubes. 
high steam-cycle efficiency the organic 
liquid should operate at the highest 
temperature it can withstand. The 
insufficient experience with the mate- 
rials at such operating conditions meant 
that development must precede the de- 


pose we are studying an experimental 
reactor—the Organic Cooled D.O Re- 
actor Experiment. The OCDRE will 
possibly be constructed at the new 
Canadian atomic energy research site 
at Whiteshell in Manitoba. 

In the long-term pattern of Canadian come competitive for progressively 
industrial development we can foresee 
that all the available water power will 
be harnessed and yet will contribute 


only a small part of the total power re- 
quired. In these changing circum- 
stances the national asset of abundant 
water will to a greater extent be used 
for power storage and reserves to meet 
peak power demands. No end is in 
sight to the demand for more power at 
lower cost, not only in operating and 
refueling cost, but also in capital cost. 
There is abundant coal, oil and natural 
gas in certain regions of the prairie 
provinces but elsewhere transmission or 


In the interest of 


For this pur- 


transportation costs raise the cost of 
power so that nuclear power will be- 


more of the load. All forecasts agree 
on this—they differ only on the ques- 
tions of where, when and how much. 
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WEUEM CANDU Fueling Costs— 


Hardware—not hope—is behind the 1-mill/kwh cost of CANDU fuel, 


which benefits from development, fabrication and use of the similar NPD fuel. 


Both types have been tested under reactor conditions 


By A. J. MOORADIAN and J. A. L. ROBERTSON, Atomic Energy of Canada Ltd., Chalk River, Ontario, Canada 


How Barrier Will Be Broken—Economics 


The fueling cost of 1 mill/kwh, or less, 
should be achieved for the 
CANDU core charge. Significant cost 
reductions, relative to NPD costs, are 
anticipated in three areas of fuel pro- 
duction: (1) finished UOz pellets, (2) 
finished Zircaloy components, (3) as- 
sembly and testing of fuel bundles. 
These expected cost reductions are 
based on two principal advantages our 


second 


approach already enjoys over most 
American projects: 

1. Natural uranium avoids the costs 
of enrichment accountability and criti- 
ceality control. 

2. The small size of the fuel bundle 
and components reduces the capital 
cost of both assembly machinery and 
floor space (for example, note in Fig. 4 
the small size of the automatic wire- 
wrap welding machine). With regard 
to floor space, only 4,500 ft? are re- 





Expected Reduction in Fueling Costs 


Fabrication costs 


($/lb UO) 


1964 
(expected) 


NPD 
Sleps in process costs 


Finished UO, pellets 
Yellow cake 9.00 
Yellow cake to powder 3.00 
Sintering, grinding 4.00 

16.00 

12.50 

9.00 


37.50 27.00 


6.00 
1.50 
3.00 
10.50 
7.50 
9.00 


Total pellet cost 
Zircaloy components 
Assembly, inspection 


Total fabrication cost 
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quired to take ceramic-grade powder to 
finished fuel bundle (cf. 20,000 ft? for 
NRU fuel with a core length of 10 ft). 


Finished UO, Pellets 


Finished NPD fuel pellets are made 
today for about $16/lb UO». Three 
components make up this figure: yellow 
cake, yellow cake to ceramic-grade 
powder, and sintering and grinding. 

Yellow cake can be expected to fall 
to $6/lb (40). The $3/lb for conver- 
sion of yellow cake to ceramic-grade 
powder reflects the disadvantage of 
There is 
no inherent reason why continuous pro- 
duction at a reasonable level should not 
yield $1.50/lb or less. Development 
work is now in progress at Eldorado 
Mining and Refining to exploit this 
The $4/lb for sintering 
and grinding has been achieved without 
complete mechanization. With future 
expanded production, a more realistic 


small-scale batch operation. 


possibility. 


figure would be $3/lb or less. 

Thus, it is reasonable to expect that 
finished pellets will be produced for 
$10.50/lb or less, probably before the 
second CANDU charge. 


Zircaloy Components 


Finished Zircaloy components, ready 
for assembly, cost about $12.50/lb UO, 
for NPD. 

The largest contribution is cost of 
tubing. Significant inroads in this cost 
can be expected from improvements in 
the conventional process or by develop- 
ing new techniques, such as impact- 
extrusions, which are uniquely applica- 
ble to short-length tubes. The latter 


employs fewer operations but allows 
the incorporation of integral end plugs 
and yields a homogeneous fine-grain 
structure suitable for ultrasonic inspec- 
tion. Already, under AECL contract, 
Thompson Products Ltd., St. Cather- 
ines, Ontario, has shown the feasibility 
of impact-extrusion and is developing 
it for the sizes required for CANDU. 

The present NPD-element end plugs 
are precision-machined from bar stock. 
Forged or stamped end plugs will sig- 
nificantly cut the production cost. 

End plates are now stamped and 
machined from sheet so that the holes 
cost more than the residual plate. 
Several end-plate designs are being 
considered to cut Zircaloy waste. 

An analysis of the developments 
mentioned leads to the expectation that 
Zircaloy-component costs can be re- 
duced to $7.50/lb UO» within the next 
two orthree years. Even at this figure, 
finished Zircaloy costs over $80/lb, a 
factor of 10 over the ingot cost. Obvi- 
ously, the incentive for continuing cost 
reductions will exist for some time. 


Assembly and Inspection 


Assembly and inspection costs for 
NPD are already about $9/lb UOs:, 
largely because of the short length and 
large diameter of the fuel elements. 
Applying this as an limit to 
CANDU yields a total cost of under 
$27.20/lb UOs, i.e., the immediate goal 
of 1 mill/kwh. More 
dollars, however, are being spent in this 


upper 


development 


area than in the other two combined, 


and further economies are expected 


through automation of inspection 
equipment, development of resistance 
closure welds, possible elimination of 
autoclave corrosion tests, redesign of 
the end fitting for easy assembly, ete. 
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Breaking the I-Mill/kwh Barrier 


FIG. 1. 


IRRADIATED UO, cross sections: at left, without central melting (NRX X-2 loop, 


0.75-in. UO» diameter); at right, with central melting (NRX “hydraulic rabbit,” 0.66-in. UO» 


diameter) 


How Barrier Will Be Broken—Technology 


For MANY YEARS fueling costs of under 
1 mill/kwh have been a realistic goal to 
but a mirage to others. Now 
experience with fuel for 
Canada’s Nuclear Power Demonstra- 
tion reactor and extensive irradiation 
testing show why they should be taken 


some 


production 


seriously. (Present and projected 
costs are presented on page 60.) 

The fuel bundles for our first full- 
scale power reactor, CANDU (see box, 
62) will be similar to those of NPD 
profit from NPD 
fabrication and operating experience. 
The interim development between 
NPD and CANDU has been mainly 
confined to increasing heat output while 


1) 
I 


and will thereby 


parasitic content of the 


decreasing the 
fuel assembly by improved fabrication. 
Current aimed at 
completing the design of the first charge 
for CANDU by June, 1962. 


investigations are 


Selection of Fuel Design 

Because the reasons for choosing 
Zircaloy-sheathed stoichiometric-UO2 
fuel elements have been discussed previ- 
ously 1-6), 


basis for selecting the design. 


we shall consider here the 


A cylindrical-rod was 
selected of its simplicity for 
fabrication and inherent stability and 


geometry 


he cause 


because of more extensive practical ex- 
perience with this form. Although flat 
plates and annular elements containing 
unbonded UOsz offer the potential ad- 
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vantage of decreasing the sheath/fuel 
ratio, they are more susceptible to fail- 
ure by water-logging (7). The rela- 
tively short length of the element bun- 
dle suits progressive fueling needs (8). 

The original choice of materials and 
geometry was largely based on informa- 
tion obtained by Westinghouse’s Bettis 
Laboratory, who had irradiated speci- 
mens in reactor loops at Chalk River. 
Since then, experimental work has been 
aimed at investigating potential limita- 
tions in the fuel-element design to 
obtain a fundamental understanding 
of the physical 
Ideally, the fuel should operate at the 
maximum value of fkd@ (see box, p. 63) 


processes involved. 


consistent with a low sheath/fuel ratio 
and an acceptably low rate of failure. 
That metallurgical effects of burnup do 
not limit our use of natural UO, has 
been shown by Bettis irradiations in 
NRX to >50,000 Mwd/tonne U (10). 

UO, melting. Specimens irradiated 
in pressurized water at a heat rating of 
fkd@ = 40-50 watts/em developed a 
columnar grain structure and central 
void in the UO, (Fig. 1). Although 
there were reasons for supposing that 
the changes had occurred without the 
UO, melting, there was concern over 
the possibility of operating fuel ele- 
ments with molten cores. 

To settle the point, specimens were 
irradiated for short durations to sup- 


press the diffusion-controlled grain 


[Composite Ditt. Coeft,(0/0"), 499] x [Time| 


20 40 
Fission- Product Xenon Released (%) 


= 
QD 


400 


Sg 
& 


3 
By 


Composite Diff. Coeff. (D/o?), 


96 10.0 10.4 
Sintered Density (gm/cm>) 


FIG. 2. FISSION-GAS RELEASE from high- 
density, sintered UO, (composite diffusion 
coefficient is in units of sec™') 


o 


(% of Diam.) 


° 
7) 


Sheoth Diometral Expansion 


6 \ 
0 05 10 
Fuel-Sheath Diometra! Clearance 
(% of Diom,) 


FIG. 3. DIAMETRAL EXPANSION of 
sheath depends, approximately linearly, 
on initial fuel-sheath clearance 
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Fuel core 


Cladding 
Bundles 


pressure tube) 


Elements 0.600 in. o.d. 


Operating Conditions: 


D,.O 
1,444 psi 


Coolant 

Max. pressure on fuel 

Pressure drop across 
full channel (i.e., 
10.1 bundles) 

Inlet temp. 

Outlet temp. 

Max. axial compressive load 

on bundle 

Hydraulic 
Friction on movement 


105.8 psi 
480° F 
560° F 


800 Ib 
400 Ib 


man (26). 





CANDU Fuel Data 


Sintered UO, pellets; one end dished for distributed axial clear- 
ance; 10.4—10.7 gm/cm density ; 2-2.02 O/U ratio 

Zircaloy-4* ; nominally 0.015 in. 

1914 in. long; 19 elements/bundle; 0.050 + 0.002 in. spacing 
between elements; 12 bundles per channel; reference design 
contains 11.29 in* Zircaloy-4, 89.6 in? UO.; max. diameter 
3.210 in. (gives minimum cold diam. clearance of 0.040 in. with 


* Zircaloy-4 (Zr, 1.5 w/o Sn, 0.1 Fe, 0 
(Zr, 1.5 Sn, 0.1 Fe, 0.1 Cr, 0.05 Ni) because 
loss of mechanical properties; the relevant information has been reviewed by Perry- 


10° Ib/hr 
575° F 
40 w/cm 


Max. mass flow/channel 

Max. sheath temp. 

Max. heat rating ({kd@) 

Max. kw/cm length of 
bundle 

Average burnup 


8.712 
9.750 Mwd, 
tonne U 
2.3 yr 
3.7 yr 


Avg. fuel life in reactor 
Max. fuel life in reactor 


1 Cr) has been selected over Zircaloy-2 


of a lower hydrogen pickup (25) without 








growth (/1). In these, unambiguous 
melting occurred (Fig. 1), but only at 
high heat ratings. Allowing for the 
difference in coolant temperatures, 
these experiments would predict melt- 
.ing at sfkd@ = 75 watts/cm in pres- 
surized water. Thus a heat rating of 
Skd@ = 40 watts/em provides an ade- 
quate margin to avoid melting. 


fecently, Lawson and MacEwan 
(12) showed how the void and columnar 
(Fig. 1) without melt- 
ing. Apparently, plate-like pores, per- 
pendicular to the radius, migrate up the 


thermal gradient by sublimation, the 


grains occur 


polycrystalline matrix being digested 
and a single crystal being deposited. 


Since the pores end up at the center, 





Sheath 


OLD. 
(in.) 


Thickness 


(in.) (w 


Test 
designation 
U-9 j 0.015 15 
0.015 22 

025 30 
028 10) 
023 13 


CR-V-e 
CR-V-n Oo 


X-2-t 
X-2-q 


016 18 
024 18 
X-2-s 024 16 


X-1-1f 021 


0.07-thick 
plates 


X-3-1f 


Some Irradiations of Zircaloy-Clad UO, 


Maz. 


fkde 


cm 


in Pressurized Water 
heat ratings 


Vwd 
tonne U Remarks 
670* 
500* 
300* 
7.000 
5,000* 


19-element CANDU design 
19-element NPD design 
7-element NPD design 
7-element 
3-element, >100 ppm H in 
sheath before irradiation 
5,000* 
300 Sheath defected for 16 days; 
no change in appearance 
Sheath defected for 14 days; 
14-in.-diam hole 
Sheath defected for 300 
no change in appear- 


1,000 


15.000 
days; 
ance 

75,000 No change apparent until 

swelling began at 55,000 

Mwd/tonne U 


* At August 1, 1960; irradiations continuing. 


t Bettis irradiations in NRX; see refs. 10 and 14 
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the axial void is the consequence. 

Fission-product release. Another 
possible limitation lies in the internal 
pressure caused by fission gases. 

An oversimplified analysis (4) shows 
that the most important factors affect- 
ing the release are heat rating and sur- 
face temperature of the fuel, the activa- 
tion energy for diffusion of the gases in 
the UO, lattice and the product of the 
duration of the irradiation and a char- 
acteristic parameter of the sinter. 

The general form of the dependence, 
shown in Fig. 2, is supported by meas- 
urements of free gas in the sheaths of 
irradiated test The top 
curves of Fig. 2 show the dependence 


elements. 


of fission-gas release on heat rating and 
the product of [composite diffusion 
coefficient] X [duration of irradiation] 
for cylindrical specimens with a 400° C 
surface temperature; experimental re- 
sults are compared with the predictions 
of the simple theory. 

The characteristic 
(D/a?);, 400, determined in 
auxiliary experiments (13). The 
parameter varies with density (Fig. 2) 
for UO, prepared by a particular route. 


parameter, 


has been 


Application of these results to an ele- 
ment containing UO. of density 10.5 
gm/cm* (typical of that expected for 
CANDU) fkd@ = 40 
watts/cm that 
be ex- 


operating at 
for two shows 
gas 
arising almost entirely from 


years 
only a 5% release would 
pected 
the central third of the fuel cross sec- 
tion; the remaining two-thirds would 
retain essentially all its gas. 

Thinner cladding. The fuel-element 
diameter corresponding to fkd@ = 40 
in CANDU To 


ensure stability of ‘an tube 


watts/em is 0.6 in. 

empty 
against collapse due to external coolant 
pressure would require 0.025-in.-thick 
Zircaloy. Therefore, 
sheath/fuel ratio, the consequences of 


to decrease the 


using a thin (0.015-in.) sheath, which 
relied on support from the fuel, were 
investigated. 

It was found (4) that if the diametral 
and axial clearances between the fuel 
and sheath on assembly were less than 
certain critical values (dependent on 
sheath properties and coolant condi- 
tions), permanent sheath deformation 


was avoided. However, irradiation 
tests showed that thermal expansion of 
the fuel in specimens with small clear- 
ances could lead to permanent disten- 
sion of the sheath. To a first approxi- 
mation, the sum of the diametral clear- 


ance and expansion were constant for 
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FIG. 4. 


a given heat rating. Figure 3 shows 
that diametral expansion of the sheath 
depends approximately linearly on the 
fuel-sheath Other 


pressure 


initial clearance. 


parameters, such as coolant 
and temperature, sheath strength and 
fuel heat rating, alter the position but 
In Fig. 3, 


solid circles represent averages of meas- 


not the slope of the lines. 


urements on three similar specimens in 

pressurized-water loop (fkd@ = 45 
w/cm); the triangles are for a typical 
group of four similar specimens irradi- 
(kd@ = 82 w/cm). 
within a 


ated in cold water 
or CANDI 
ll range of diametral clearances, 


conditions, 


neither collapse nor distension occurred 
for heat 40 watts/cm, 


The us 
could allow sheath collapse was circum- 


ratings up to 


of large axial clearances that 


vented by dishing one end face of each 
UOz pellet. 

Corrosion effects. Before confirm- 
ng the use of 0.015-in.-thick Zircaloy, 
the effects of corrosion were examined. 
The loss of metal thickness is insignifi- 
cant (<2  10-° in./yr), but the rate 
of hydriding is appreciable. 

Hy droge n analyses of Zircaloy 
sheaths irradiated in pressurized-water 
) indicate that the elements 
yr before the hydride 

Ex- 
whose 


loops 15-17 
can operate 144 
content exceeds solid solubility. 
specimens 


perimentally, loop 


HIGH PRODUCTION RATE of compact, automatic equip- 
ment, such as wire-wrap welding machine at left, has enabled 


watts/cm for over a year (15) and at 
>45 watts/cm for two weeks (19-21) 
without visible effects or changes in 
sheath dimensions. In over 25 defect 
tests made at Chalk River under pres- 
surized-water conditions, all specimens 
remained in one piece and none failed 
in a way that,would prevent removal on 
power as required by CANDU. 

The outline specifications for the fuel 
elements in NPD and CANDU are a 
direct product of these investigations. 
Confidence in the fuel design stems 
from many irradiation tests (1, 2, 4), 
culminating in recent proof tests of 
full-size prototype bundles under maxi- 
mum rating conditions. Some of the 
more significant irradiations are listed 
in the table on p. 62. 

NPD Fuel Fabrication 

The translation of the NPD fuel con- 
cept into economical hardware required 
careful fabrication 
which the Canadian General Electric 


development, in 


os 
_? 
woe 


ys 
; hs 


ee 


; 


CGE to rapidly build up NPD fuel-element stockpile (stack shown 
at right is at CGE, Peterborough) 


Company has played a major part. 
UO, pellet production. The pro- 
duction of pellets (22) was developed to 
a practical point through the close 
cooperation of Eldorado Mining and 
Refining Ltd., Carboloy Division of 
Canadian General Electric Co. (CGE), 
the Mines Branch of the Dept. of Mines 
and Technical Surveys and AECL. 
Today, densities of 10.5-10.7 gm/cm* 
can be achieved routinely at a reject 
rate of <6%, from UO. powder to 
finished sintered pellets ground to 
+0.0005-in. tolerance. The high di- 
mensional tolerances are achieved at 
a negligible cost because of the inherent 
precision of the grinding operation and 
the low cost of natural-uranium waste. 
Helical ribs. Although all the ele- 
ments of an NPD bundle are of identi- 
cal size, about half require a two-start 
helix of 18'4-in. pitch, standing 0.050 
in. above the tube. These helical 
spacers also circulate the coolant trans- 
versely through the bundle. 
(Continued on page 64) 





Heat Rating = / kde 


Most of the properties that limit fuel performance are temperature-depend- 
ent, but it is rarely possible to measure fuel temperatures directly. 
solution of the heat-flow equation for a cylindrical fuel element yields 


However, 


sheaths contained > 100 ppm hydrogen 
limit at test tempera- 
Skdé@ = 43 

without 


“ 
1 

| kd@ = — qF = lowaF = |4ha°F 

T, 4n 


the solubility 
where k = thermal conductivity of fuel at temperature 6; T,, Ty) = fuel-surface 
and center temperatures; q = power generated per unit fuel length; w = sur- 
face power flux; h = power per unit volume averaged over cross section; 
a = fuel radius; F = correction factor that is available in graphical form (9) 
unity if there is no neutron-flux depression over the cross section; significantly 
less only for highly enriched fuel. 

Thus fkdé@ can be evaluated from an experimentally measured heat rating 
with no knowledge of or assumptions regarding k. For a given fuel and 
T, constant (broadly true of sintered UO. elements with smal! diametral 
clearances), {kdé@ defines the maximum fuel temperature on an empirical scale 
and is thus the best parameter for comparing the severity of irradiation in 
elements of different sizes. Application of the integral is discussed more fully 
in reference 9. 


ture) have operated at 


watts/em for 15 months 
incident 
Tests (78) have shown that “deu- 
teriding’’ in heavy water is less severe 
than hydriding in light water, from 
which most of the experience has been 
Certainly the hydriding is 
where the 
where 


obtained. 


more rapid in elements 
sheath has been defected, i.e., 
the inner, hotter surface is also sus- 
ceptible to corrosion. However, such 


elements have operated at fkd@ = 25 
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FIG. 5. TYPE OF FUEL BUNDLE without end plates, under de- 
velopment for CANDU, is shown at top with cross section; at 
Features of developmental 


bottom is NPD 19-element bundle. 


Such helically ribbed tubes presented 
Al- 
though fabricators have produced heli- 
cally ribbed tubes, 
developed an economic process for such 
a high ratio of rib height to wall thick- 


ness. 


a worrisome production problem. 


none has yet 


This problem was solved with 
the ‘‘ wire-wrap welding process” devel- 
CGE—a_ 0.050-in.-diameter 
wire is stitched to the tube by spot 
welds at 14-in. Tests of 
these ribbed tubes have indicated uni- 


oped by 
intervals. 


formity of weld penetration, corrosion 
resistance and no adverse irradiation 
behavior. 

Zircaloy tubing. Procurement of 
tubing proved to be a problem. 
Largely the 
American programs, manufacturers 
could routinely produce corrosion-re- 


because of demanding 


sistant material to tight dimensional 

There remained, however, 

the question of mechanical defects. 
Some 


tolerances. 


had small cracks 


that had escaped detection by stand- 


tubing 


ard eddy-current inspection but were 


found by metallography. More _ re- 
cently, thin tubing has been success- 
fully inspected at CGE by ultrasonic 
methods, which are capable of detecting 
0.0005-in.-deep flaws, provided the 
background is reduced by using homo- 
It has 
collaboration of 


geneous, fine-grained material. 
required the 
metallurgists and tube producers to 


close 


assure a supply of defect-free tubing 
for NPD. With the development of 
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ultrasonic inspection for routine quality 
control, tubing quality and yield will be 
improved. 

Welding and assembly. 
ment of the closure welds only re- 


Develop- 


quire d applying a mechanized produc- 
tion process to existing Zircaloy-welding 
methods (23). 
with no serious difficulty with the thin 
Zircaloy cladding. 


This procedure has met 


The automatic ma- 
chines for wire-wrap welding (Fig. 4) 
and for closure welding are inexpen- 
sive. The secret of successful welding 
lies largely in the use of localized good 
atmospheres, cleanliness and reproduci- 
ble control of welding parameters. 
The elements have been assembled 
with either 
These 


reactor 


into bundles riveted or 


welded joints. behaved satis- 


factorily under conditions. 
However, the welded joint is stronger 
and meets bundle tolerances more easily 
on a production basis; the riveted as- 
sembly requires accurate spacing of the 
rivet holes in the end plate. 

Corrosion and wear. Zircaloy is 
susceptible to fretting corrosion and 
very fast [~0.002 
in./day has been observed under labo- 
24)]. The individ- 


ual elements of the bundle, however, 


penetration can be 


ratory conditions 
being short and massive, would vibrate 
with a very small amplitude. Simi- 
larly, the pressure-tube and fuel bundles 
should not interact seriously. 

Since a complete theoretical analysis 


of vibrations in such a complex system 





type are (1) axial thrust carried by center element alone; (2) all 
elements supported at midplane; (3) belly bands for sliding and 
spacing from pressure tube 


is difficult and uncertain, an endurance 
test of a bundle abutting a supported 
end plate was set up in a coolant tube. 
After 5 months under reactor tempera- 
ture and maximum-flow conditions, no 
fretting corrosion has been observed, 
either at bundle junction or between 
the bundle and the pressure tube. In 
addition, none of the irradiation tests 
has suggested that the elements are 
susceptible to fretting corrosion. Since 
fretting corrosion occurs rapidly, if at 
all, observations indicate that the de- 
sign prevents fretting. 

As a fuel bundle is pushed through 
the reactor, some wear is expected be- 
tween the wire wrap and the pressure 
tube. 
ditions, an autoclaved fuel bundle has 
been shuffled back and forth for a total 
of 200 ft in a 2-ft section of an auto- 
tube. Although the 
wire wrap wore to the extent of 0.019 


Under appropriate coolant con- 


claved pressure 
in., the maximum depth of score in the 
0.001 in. A 
ves a high bear- 


pressure tube was only 


round wire obviously zl 
ing pressure at the contact 


(~50,000 ps1). 


point of 
A program is under- 
way to reduce this type of wear by im- 
proving the surface of the spacer wire 
as well as by re ducing bearing pressure. 
bundle 
the 
interface between the wire wrap and 
the pressure tube, the full-sized 
bundles in the U-9 test 
p. 62) were moved along the tube while 
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Since element bowing in a 


could cause excessive friction at 


five 


(see table on 





Thermal Conductivity at 60°C 
(w/cm/°C) 


Relative Thermal Conductivity 
at 60°C (%)} 


0.20 0.64 068 
0:U Atomic Ratio 


800 1600 


Temperature,() 


2400 


FIG. 6. THERMAL CONDUCTIVITY of sin- 
tered UO, is affected by (1) departure 
from theoretical density, (2) O:U atomic 
ratio, (3) irradiation. (1) and (2) accord- 
ing to ref. 28; preirradiation data of (3) 
from refs. 29-31 and during-irradiation 
data from refs. 4 and 32 


at power. Within the experimental 
error of 25 lb, the thrust required was 
identical to the off-power requirements. 
This indicates that if the elements do 
bow, they exert negligible pressure on 


the coolant tube 


CANDU Fuel Development 

The 
19-element 
CANDU is the 


essential difference between the 
NPD and that in 
maximum rating (3.9 
length of bundle for NPD vs 
8.7 kw/em for CANDU). This differ- 
ence has its greatest effect on hydraulic 


fuel in 


KW/cn 


and structural design features. 
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Two concepts are being developed: 
The first involves upgrading the NPD 
19-element bundle to CAN DU require- 
ments; the second uses the center ele- 
ment as the supporting member of the 
bundle, rather than holding the bundle 
together with end plates as in NPD. 

Up-graded NPD design. This de- 
sign is being developed in cooperation 
with CGE. 

CANDU specifications allow a pres- 
sure drop of 105 psi over the fuel chan- 
nel. The present NPD 19-element 
bundle gives a 72-psi pressure drop 
under CAN DU flow conditions. Thus, 
33 psi remain to improve mixing. Pres- 
ent studies, therefore, are directed to- 
ward this improvement by optimizing 
wire-wrap pitch and disposition and 
end-plate design. 

The NPD design carries a Zircaloy 
inventory of 13.28 in.* per bundle, of 
which 3.35 in.* is associated with end 
plugs, wire wrap and end plates. Each 
cubic inch of Zircaloy per bundle which 
can be replaced by UO: is worth about 
120 Mwd/tonne U-burnup in CANDU. 
A second design objective, therefore, 
involves reducing thisinventory. Pre- 
liminary structural tests indicate that a 
cubic inch can be pared from the design 
without too much difficulty, most of it 
from the end plugs and end plates. 

The differential axial expansion of 
the inner and outer elements of a bun- 
dle has required consideration. Al- 
though dishing one end of each pellet 
eliminates permanent elongation of the 
element’s sheath, expansion in the 
elastic range must be expected. This 
is because the outer diameter of the 
fuel pellets is at a higher temperature 
than the sheath, while the coefficient 
of thermal expansion of UO: is about 
twice that of Zircaloy. Because there 
is a small neutron-flux gradient across 
the bundle, the outer elements will be 
subject to greater expansion. The 
consequent stresses on the end plates 
and plate-to-element joints are being 
accommodated by flexible end plates; 
fatigue tests on such plates, in a 
hydrided condition, are underway. 

A second consequence of differential 
expansion is that the axial load will not 
be transmitted equally throughout all 
elements. However, tests have shown 
that a single element can withstand an 
axial load of 600 lb without buckling. 
Thus the design load of 1,200 lb, which 
the bundle must be capable of trans- 
mitting, can be carried by two elements. 

Center-element-supported bundle. 


This design is being developed in coop- 
eration with AMF Atomics (Canada). 

The center element is made strong 
enough to carry the full axial load, re- 
quiring a sheath thickness of 0.030 in. 
on the load-carrying element only. 
The center element extends 0.050 in. 
longer at each end of the bundle to 
assure that it alone carries the full axial 
load. The remaining 18 elements are 
attached to the center element at or 
about the axial center of the bundle. 
The ends of the elements are spaced by 
pads, allowing free relative longitudinal 
movement (Fig. 5, top, is such a design). 

Several advantages in this approach 
are immediately obvious. The differ- 
ential elongation of the elements does 
not stress the structural support of the 
bundle. As a result, no concentroted 
axial gap need be left in loading the 
elements. The concept also allows a 
reduction in Zircaloy inventory. A 
bundle can be designed with about 11.5 
in® of Zircaloy. 

The chief disadvantage of this ap- 
proach is lack of previous fabrication 
experience. However, work at AMF 
has led to several notable achievements: 

1. Domed end caps can be stamped 
from 0.025-in.-thick sheet in a single 
warm-forming operation. 

2. Domed end caps (0.025 in. thick) 
can be resistance-butt-welded to 0.015- 
in.-thick tubes to give high-integrity 
closures. 

3. Spacer pads can be pressure-re- 
sistance-welded to 0.015-in. cladding to 
give joints as strong as the parent 
material. 

Brazing is being extensively explored 
as a possible fabrication approach. 
Attention is being confined to the 
Zr-5% Be brazing alloy as a result of 
Schwartzbart’s investigation (27). 
Under separate contract, Canadian 
Westinghouse has shown that, pro- 
vided care is taken with the brazing 
cycle and atmosphere, this material has 


adequate corrosion resistance under 


static autoclave conditions. Fuel ele- 
ments incorporating welded and brazed 
domed end caps and spacer joints have 
been irradiated but not yet fully exam- 
ined. The joint itself retains resilience 
through deflection of the thin cladding 
despite the brittle nature of the braze. 


Fundamental Studies 


The foregoing program is largely 
empirical testing of a fixed design. 
Concurrently we are investigating the 

(Continued on page 122 
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end fittings 
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Ventilation 
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equipment 
(contaminated) 





Refueling machine 
operating head 
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Fast 








CARRIAGES FOR NPD's TWO REFUELING MACHINES are 
in room outside reactor primary shield, but small working 
head on each penetrates shield at opposite ends of 
reflector-shield 
reactor vessel lessens radiation exposure of heads, which 


reactor to move bundles. 


H,O 





inside 


are inside shield only 1—2 hr daily. 
operator drives up to five fresh fuel bundles through new- 
fuel port and into head of East machine. 
ventilation control and personnel safety, operator slides 
gates open and lowers heads through two slots in floor . . . 


For typical refueling, 


After he checks 


On-Power Refueling 


Refueling at power leads to higher, more uniform burnup and makes 


a reactor available more of the time. 
scheme and machines being developed for NPD and CANDU 


THE ABILITY to refuel a reactor while it 
continues to operate has been of great- 
est interest for natural-uranium reac- 
tors, which require frequent refueling 
because of their intrinsically low reac- 
tivity. 
many advantages that give it value 
for enriched reactors too. The NPD 
and CANDU reactors will make use of 
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But on-power refueling offers 


Here are the refueling 


By J. S. FOSTER, Atomic Energy of Canada Ltd., Toronto, Ontario, Canada 
W. M. BROWN and H. E. TILBE, Canadian General Electric Co. Ltd., Peterborough, Ontario, Canada 


on-power refueling; our experience can 
help other reactor designers to evaluate 
on-power refueling for their plants. 
Advantages 

While being able to keep a reactor 
operating steadily is a major product of 
on-power refueling, the ability to reach 
greater uniform burnup is even more 


important economically for most reac- 
tors—particularly in those with enough 
reactivity to support relatively long 
fuel cycles. With a long fuel cycle, a 
reactor with fixed fuel wastefully dissi- 
pates the fresh fuel’s initial reactivity 
But 
if the operator can continually adjust 
the fuel composition throughout the 
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in poison and control materials. 
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OPERATOR LOCKS HEADS onto opposite ends of reac- 
tor's horizontal pressurized fuel-coolant channel to form 
After filling and pressurizing heads 
with D.O, operator removes plugs from channel and stores 
Then East head rams new fuel bundle into 
channel; this pushes all 9 bundles in channel along until 
spent bundle at far end contacts grappling device in West 
head, which then retracts spent bundle into its magazine. 
East head withdraws its ram and both replace end plugs . 


pressure-tight seals. 


them in heads. 


reactor so as to keep intrinsic reactiv- 
ity, flux and power patterns constant 
as burnup, conversion and fission-prod- 
uct buildup proceed, the excess reactiv- 
ity of fresh fuel supports the less reac- 
tive old fuel and so extends its life. 
On-power refueling reduces the num- 
ber of startups and shutdowns with 
their attendant difficulties such as ther- 
mal cycling of the reactor system. It 
also provides means for eliminating 
faulty fuel as soon as it is identified (and 


3 


storage. 


sometimes can aid in the identification). 
This reduces contamination of the reac- 
tor system and might permit some re- 
laxation of fuel quality requirements— 
thus cutting current high inspection 
costs. Also, by distributing an oper- 
ation that is otherwise concentrated in 
the busy plant-shutdown period, on- 
power fuel changing ought to produce 
some economy in plant staff. Fully 
automatic operation under the direc- 
tion of a computer reacting to fuel his- 


above shield and closes gates. 
fuel in opposite directions in adjacent reactor fuel channels, 
each machine can either charge or discharge fvel. 
refueling steps are controlled remotely by operator in 
control room; sequences within steps are fully automatic 


AFTER MACHINES REFUEL OTHER CHANNELS (normally 
only 1 or 2 bundles are changed daily), heads rotate, move 
to chutes and discharge spent-fuel bundles to underwater 
To complete cycle, operator raises both heads 


So as to be able to move 


All 


tory, reactivity and channel power data 
would be a logical development from 
present designs. 


CANDU Refueling 


The heavy-water reactors being de- 
veloped in the Canadian nuclear power 
program are sufficiently reactive that 
on-power refueling is not essential to 
reasonably economic operation. For 
instance, with on-power refueling the 
CANDU reactor for the 200-Mwe 
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fuel bundles. 


EACH OPERATING HEAD, which can hold DO at 1,200 
psig and 530° F of reactor, can either charge or discharge 
Magazine can hold five 191¢-in. K 314-in.- 
dia fuel bundles and a spare channel plug as well as the 


plug removed during refueling steps. 
head move pneumatically and electromechanically; mag- 
netic signals through pressure housings indicate and control 
position of internals, which drive hydraulically with D,O 


External parts of 
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Douglas Point Station is designed to 
support burnup of 9,750 Mwd/tonne U. 
It has an active fuel capacity of 41.6 
tonnes U. Withastation net efficiency 
of 29% at a capacity factor of 80% the 
average fuel life will be 24 months. 
There are about 3,000 fuel bundles in 
the core, and the intent is to replace 
about 5 of them each full-power day. 

An alternative to on-power refueling 
might be to shut down once a month 
and change 150 bundles at once. It 
shouldbe possible to do this between 
midnight Saturday and 8:00 a.m. Mon- 
day. For the 4% of the time that the 
station would be shut down for refuel- 
ing the energy would have to be sup- 
plied from alternative fuels that cost 
three times as much as nuclear fuels. 
In addition bulk refueling would reduce 
attainable burnup by about 4%. 
These penalties would result in a total 
increase in energy cost equal to 12% of 
the reactor fueling cost, or only about 
216 % of the total energy cost. 

Thus it is not economic necessity that 
has led to the adoption of on-power 
fueling in the Canadian program. 


Rather it is the combination of many 
advantages, none of sufficient impor- 
tance in itself to compel adoption of 
on-power fuel changing, which makes 
the system attractive. 


Cost 


A refueling machine must perform 
essentially the same functions whether 
it is intended for on-power operation or 
not. It will have the same controls and 
the same shielding requirements. The 
important difference is that machines 
for on-power operation must be de- 
signed for high pressure and tempera- 
ture. Aftera number of machines have 
been built this difference might cost 
$100,000-$300,000 per reactor for bet- 
ter materials, seals and special designs 
to cope with pressure and transient 
temperature conditions. The addi- 
tional operating and maintenance cost 
is more difficult to estimate. Failures 
certainly will be considerably more 
expensive. 

As with any complex mechanism on- 
power fuel-changing systems entail con- 
siderable development. Development 





channel only. 


tion reactor.) 
sand successful on-power operations. 
to be routinely refueled this way. 


elements. 


with the simpler systems. 


length. 


Other Approaches to On-Power Refueling 


The NPD reactor is not the first or the only one for which on-power refueling 
is provided or under study. On-line refueling devices are in operation in 
Canada’s NRU reactor at Chalk River, under study for the Hanford production 
reactors, and planned for Britain’s new gas-cooled power reactors. 

Hanford’s device is the simplest in that it can reload the fuel in a complete 


The charging machine, which has been under development for 
some time, has operated through more than a hundred charge-discharge cycles 
on a prototype arrangement of simulated tubes as in a production reactor. 
NRU's machine also is limited to changing a complete channel of fuel at each 
operation, but it also can transfer hot fuel from one channel to another. 
which has been operating since 1957, is a dual-purpose research and Pu-produc- 
So far, the refueling system has carried out more than a thou- 
Thus NRU is the first operational reactor 


(NRU, 


British refueling machines, which are being built for the large commercial 
gas-cooled power reactors now under construction, are to be located atop the 
reactor only. These reactors also use slug fuel and the refueling machines also 
can relocate fuel axially in a channel by removing and then reinserting fuel 


The advantage of the more sophisticated systems that can relocate fuel 
axially is that, for a given reactivity, higher fuel burnups can be achieved than 
Without axial relocation of fuel within the reactor 
the fuel in a channel has a modified sinusoidal pattern of burnup along its 
By dividing the fuel into two lengths and interchanging the lengths 
halfway through their life in the reactor the operator can obtain a more uni- 
form burnup along the length of the fuel and a higher total burnup. 


Sub- 


of the machines for NPD and CANDU 
is costing about $2-million, but not all 
of this can be attributed to the on-power 
feature. 


Machine Development for NPD 


To help develop satisfactory refuel- 
ing machines for prolonged operation, 
as well as tools and methods for main- 
tenance and decontamination, we have 
built two prototypes that demonstrate 
operation and uncover problems. Also, 
we are conducting parallel programs to 
develop such things as the seal between 
the refueling machine and the end 
fitting and to learn about performance 
of various components. 

First prototype and results. From 
March to December, 1959, we operated 
the first machine and test rig, which 
includes several simulated reactor fuel 
channels with NPD-2 water flow, tem- 
perature and pressure. This experi- 
ence indicated that (a) the mechanical 
design and control concept are funda- 
mentally sound, (b) a Viton-A (fluorine 
elastomer) O-ring seal between head and 
fitting was suitable only for a limited 
number (less than six) of make-break 
cycles, (c) water lubrication of hy- 
draulically operated internal parts was 
satisfactory even after about 300 cycles. 
But we found that off-the-shelf items 
do not meet our needs for reliability, 
leaktightness (valves) and lack of 
Also, we learned of the 
excessive stresses in the magazine 
housing and the need for cooling the 
head; we are seeking solutions to these 
two problems in the present experi- 
mental program. 

Second prototype and experiments. 
After stripping and examining the first 
prototype we have rebuilt it with 
modified carriage, controls and hy- 
draulic circuitry and new head and 
suspension. Since May we have been 
checking its performance. By year 
end we hope to verify that this design 
meets our design specifications. 

Our parallel search for solutions to 
the thermal problems of the refueling- 
machine head is under way. These in- 
clude such steps as installing an insulat- 
ing liner on the head, heating the 
magazine housings from the outside as 


hysteresis. 


well as allowing reactor water to enter 


division into three parts and appropriate relocation might improve this further. * 
But we doubt that still more subdivision would produce further increase in 
burnup, although it might offer manufacturing, handling and building-space 
advantages and might reduce reactivity and power transients during refueling. 


the inner housings, and enlarging the 
cooling system piped into the head. 
We also have started separate life tests 
on components of the head and control 


variation in 
Our objective is to assure a 


*L. A. Smith, R. J. Atchison. Bidirectional fueling in CANDU 
lattice constants through burnup, AECL-833 (1959). system. 


lifetime of 10-20 yr. 
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FIG. 1. REACTIVITY CHANGE with irradi- 
ation for natural uranium. Calculated 
values (solid curve) are pessimistic com- 
pared with best average of measured 
values (dotted curve). 1 bifa ~0.1% k 
(see box, p.71); 1n/kb ~ 4,000 Mwd/tonne 
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Refined lifetime calculations and the experimental 


data available to date both reaffirm the original 
prediction of a 9,750-Mwd/tonne fuel life for CANDU 


By ARTHUR G. WARD, Alomic Energy of Canada Ltd., Chalk River, Ontario 


ONE OF THE MOST IMPORTANT results 
of the extensive program of physics 
measurements and calculations for 
CANDU is the prediction of the ex- 
pected reactivity lifetime of natural- 
uranium fuel. Reactor designers need 
good estimates of the fuel lifetime to be 
able to calculate a realistic value for the 
fueling cost. An accurate prediction 
of the reactivity change with irradia- 
tion also helps guide fueling changes 
toward efficiency and economy. 

Experimental have 
developed greatly in precision since 
those of 1952 reported at Geneva in 
1955 (1). The recipes for calculating 
reactor lattice properties have also 
improved and are being further re- 
fined. Since June 1959, when the first 
reference design of CANDU was set, 
results of the calculations have ranged 
between a high of 10,600 and a low of 
8,800 Mwd/tonne U; hence we have 
had no cause to change our original 
prediction of 9,750 Mwd/tonne U. + 
10%. The 
experimental 
activity change with irradiation. 

On the basis of all the information to 
be discussed below, a two-group model 
calculation of the flattened 
gives 9,200 Mwd/tonne for the average 
fuel irradiation. Radial flattening of 
the reactor requires a two-zone fueling 
schedule with fuel lifetimes of 11,500 
Mwd/tonne for the central zone and 
8,900 Mwd/tonne for the surrounding 
annulus. We continue to study the 
effects of improvements in our models 
and in the basic cross-section data (2). 


measurements 


calculations agree with 


measurements of  re- 


reactor 


Optimum Design 
In aiming for maximum fuel burnup 


in a CANDU-type reactor, many 


facets of the design must be considered. 
Desirable features include a very large 
reactor, optimum spacing of the fuel 
clusters, the minimum of material in 
cladding and pressure tubes, a thick 
D.O reflector, close spacing of the ele- 
ments in the cluster, high-density UO:, 
low coolant and moderator tempera- 
tures and the minimum reactivity 
reserve for control and poison override. 

Technical and financial requirements 
conflict with those contributing to long 
burnup. For example, the optimum 
lattice spacing is below the minimum 
consistent with good design of the end 
fittings of the CANDU pressure tubes. 
A major design problem, then, is the 
resolution of these conflicts to produce 
an optimum design. 

We have resolved conflicts 
through optimization studies that re- 
duce all considerations to a common 
the effect on predicted power 
Systematic studies have been 
carried out with a computer program 
developed jointly by physicists and 
engineers (3, 4). As an example, 
through these studies we could show 
that a 10.5-in. lattice spacing (a figure 
preferred by the mechanical engineers) 
would give a total power cost about 
10% higher than the 9-in. lattice spac- 
ing finally adopted. 

The choice of lattice spacing is of 
prime importance; the premium on 
close lattice spacing is high enough to 
justify considerable complexity in the 
design of the pressure-tube end fittings. 
On the other hand, the size of fuel 
cluster is not very critical except that 


these 


basis 
costs. 


the pressure-tube diameter should be 
the minimum consistent with sufficient 
transfer the heat at an 
acceptable coolant velocity. The re- 
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coolant to 





sults emphasize the cost penalty of 
each 0.001 in. added to the thickness of 
Zirealoy fuel cladding or to the pres- 
sure-tube thickness. Being thus aware 
of the power-cost penalty of each mil of 
Zircaloy, we are unwilling to conceal 
“ignorance”’ factors as “‘safety”’ fac- 
tors and insist on reducing engineering 
uncertainties as far as we can. For 
example, the optimum outlet coolant 
temperature depends on the permissible 
design stress in the Zircaloy pressure 
tubes; a higher permissible stress raises 
the temperature at which the optimum- 
power-cost reactor operates. Hence 
we are striving to understand the 
design limits of pressure tubes (see p. 
96). 

The conclusions of these studies are 
only as good as the assumptions made 
in the calculations. The lattice-phys- 
ics calculations, which lead to a re- 
activity-lifetime prediction for 
reactor design, have uncertainties re- 
sulting from errors of input data, 
approximations and ignorance. We 
believe the errors are small (~10%), 
on the basis of the experience already 
gained from experiment and analysis. 


each 


Lifetime Calculations 


The U. 8., Sweden, France and 
Canada all reported on _ reactivity 
measurements for D,O-moderated U 
lattices at the 1958 Geneva Conference. 
In general, the results show excellent 
agreement. Our recipes for lattice cal- 
culations (5) are based on 
experimental measurements and should 
be trustworthy for lattice dimensions 
and rod sizes comparable to those of the 
CANDU lattice. 

Our lattice recipes refer to a uniform 
lattice of rods. But the CANDU 
reactor uses bidirectional fueling in 
which fuel bundles in adjacent chan- 
nels move through the reactor core in 
opposite directions. Hence fuel bun- 
dles in adjacent channels have similar 
properties only near the median plane. 
For lifetime calculations of 
natural-uranium fuel (including the 
optimization program) we use a simple 
approximation to allow for the non- 
uniformities caused by _ bidirectional 
fueling. 
fuel in 
is equivalent to a 
model in which fresh fuel is continually 
introduced and irradiated fuel is re- 
moved, but all the fuel is intimately 
mixed during the irradiation. Studies 
of more sophisticated models show that 
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these 


most 


We average properties for the 
channel. This average 
“homogeneous ”’ 


each 


the simple model underestimates (by 
~ 400 Mwd/tonne) the reactivity life- 
time (6). 
buckling of a lattice with fuel at one- 
half maximum irradiation is above the 


This error arises because the 


irradiation average, and at this time 
the fuel is in the central plane of the 
reactor in a position of maximum 
statistical This effect 
contributes to a flux peaking in the 


weight. also 
axial direction which is above the usual 
cosine distribution for a uniform lattice; 
however, this additional flux peaking is 
canceled out by the reactivity effects of 
the fuel coefficient 
xenon poisoning. 


temperature and 

A two-zone fueling schedule will 
achieve radial flattening in the CAN DU 
reactor, giving a central zone with 
near-zero radial buckling, surrounded 
higher 

D.O 


FLARE, a two-group pro- 


by an annular zone with 

buckling and finally the thick 
reflector. 
gram for the Datatron computer (4), 
has been used to study flux distribution, 
reflector thickness as 
to optimum 


flattening and 
related reactor design. 
Although these two-group calculations 
yet been with 
experiments, the large diameter of 
CANDU restricts the importance of 
the transition the 
zones, and thus we do not anticipate a 


have not compared 


regions between 
large error in reactivity-lifetime predic- 
tions owing to the limited validity of 
the two-group theory. In general, 
radial flattening reduces the calculated 
reactivity lifetime but also reduces the 
(The radial-flattened 


costs. 


capital 


core is smaller for the same power out- 
put and hence costs less; at the same 
time neutron leakage is greater, cutting 
reactivity lifetime.) 

Even with an adequate set of lattice 
good the 
reactor, predictions of re- 


recipes and models for 
CANDU 
activity lifetime require many addi- 
tional experimental data. These in- 
clude estimates of the short-term 
reactivity effects of high-power opera- 
tion, such as poisoning from Xe!* and 
other high-cross-section fission prod- 
ucts, the moderator temperature co- 
efficient, the fuel temperature coeffi- 
cient and the Pu holdup in Np**. 
Longer-term effects the 
changes in isotopic constitution of the 


from gross 
fuel and the accumulation of low-cross- 
section fission products are large and 
The re- 


are 


require precise calculation. 
sults of par- 
ticularly sensitive to the balance be- 


these calculations 
tween U**® burnup and Pu production. 

The extensive assortment of reactor 
models, assumptions and input data 
which goes into the reactivity calcula- 
tions implies many possibilities for 
Hence the analytic structure 
we have built up to make these calcu- 


error. 


lations is not a particularly stable one. 
As we find various building blocks to be 
faulty, we remove them but we have to 
others also of 

Fortunately, the 
reactivity change 
with irradiation which have been made 


replace them with 
questionable merit. 


measurements of 


have given us some measure of con- 
fidence in our analytic structure. 





Plutonium Production in NRX Fuel 


Total Pu production 
Irradiation 
n kh Vecasured 


0.0347 0.01762 0.01748 


0924 0.04595 0.04512 
0.1050 
0. 1666 


.6326 0.2506 


(atoms /initial U'**® atom) 
Calculated 


Pu isotopic composition (% ) 
Pu isotope Measured Calculated 
239 99 267 99 297 
240 0.727 0.696 
241 0.006 0.007 
239 98.139 98.154 
240 824 794 
241 037 052 
239 95.156 126 
240 535 562 
241 302 312 
239 109 92.172 
240 153 075 
241 0.708 752 
239 87.116 396 
240 11.250 992 
241 1.516 495 
242 0.118 116 
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Irradiation Measurements 


For the past twelve years irradiated 
the NRX 
yielded information about reactivity 


uranium from reactor has 


change with irradiation. Early meas- 
urements by the danger-coefficient 
method compared the reactivity of 
fresh and irradiated rods in the NRX 
More recently, both the 
‘“danger-coefficient’”” and the “pile- 
oscillator’? techniques have been used 


reactor. 


to measure the changes with irradiation 
Argonne and 
These experiments provide 


in collaboration with 
Harwell. 
a close approximation to the problem 
of predicting fuel lifetime in a reactor. 

Tocomplement the reactivity-change 
carried out 
extensive chemical and mass-spectro- 


measurements, we have 
metric analyses of the samples. 8S. A. 
Kushneriuk has developed methods of 
calculating the reaction rates and 
isotopic compositions of the fuel (7). 
For NRX-irradiated uranium there is 
excellent agreement between the cal- 
culated values for 
plutonium production and _ isotopic 
changes. The table compares the 
results for five samples used in pile- 
oscillator measurements. 

Ward and Craig (8) give the results 
of a comparison of reactivity-change 
measurements with calculation and a 


and measured 


bibliography of previous work. Natu- 
ral-uranium samples, 6 in. long and 
1.36 in. dia, canned in aluminum, were 
used in the experiments. These re- 
sults, and additional measure- 
ments, are shown in Fig. 1. Here the 
neutron balance in irradiated uranium 
is expressed in units of barns per initial 
fissile atom in the fuel (see box). We 
use the expression “barns per initial 
atom,”’ when it is 
necessary to avoid confusion with the 
value of a nuclear cross section. The 
ordinate scale in Fig. 1 is the change in 
bifa with irradiation of the apparent 
fuel absorption cross section as meas- 
ured in the GLEEP pile oscillator; : 
positive sign corresponds to an increase 


some 


fissile or “‘bifa,” 


in reactivity. The abscissa scale is in 
units of neutrons per kilobarn (n/kb).* 
discrepancy between 
experimental results and calculations 
in the region 0—-0.07 n/kb (Fig. 1a). 


This difference corresponds to ~50% 


There is a 


* A kilobarn is an area of 107?! em?; hence 
1 neutron per kilobarn is equivalent to an 
irradiation dose of 107! n/cm? = 4,000 
Mwd/tonne. The relation between n/kb 
and Mwd/tonne is nearly linear, 
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“bifa.”’ 


or a complete reactor. 


cross section. 
be included.) 


formula 


k = nepf 


—0.08 %. 





where », is the number of neutrons per fission. 
fission neutrons per thermal neutron absorbed) which occurs in the two-group 


Introducing the “‘bifa” 


Chalk River reports often discuss reactivity changes in fuel in units of the 
Bifa stands for “‘barns per initial fissile atom” and is obtained from the 
familiar macroscopic cross section (cm~') by multiplying by 1074 and dividing 
by the number of initial fissile atoms per unit volume. 
any assembly that contains fissile material—e.g., a fuel element, a lattice cell 


This unit can apply to 


To understand what relationship the bifa bears to Ak/k consider a homo- 
geneous reactor in which A (in bifa) is the total absorption cross section. 
A = >xN,o,x where the summation is over all constituents, N, is the number 
of atoms of material x per initial fissile atom, and o,. is the total absorption 
(In a heterogeneous reactor suitable flux weightings must also 
Similarly Y = =xN,orxv, is the yield cross section (in bifa) 


Then 


Then Y/A = » (the yield of 


(in this example, f = 1) 
The change in reactivity due to a change in » is 
Ak/k = An/n = (AY/n — AA)/A 


In an efficient natural-uranium reactor A = 1,100-1,300 bifa (say, 1,200). 
Hence the addition of an absorbing material to our hypothetical reactor so that 
AA = 1 bifa and AY = 0 would correspond to a change Ak/k = 1/1,200 = 








of the poisoning attributable to Sm'* 
and is well outside the expected errors. 
The easiest explanation of this differ- 
ence is that high-cross-section im- 
purities are initially present in the 
samples, but chemical analysis of 
similar material does not support this 
explanation. From 0.1 to 0.7 n/kb, 
the curves for calculation and experi- 
ment are nearly parallel. The results 
in Fig. le include measurements on 
sections cut from irradiated NRX rods. 
Analysis of these results is not yet 
complete, but there is reasonable agree- 
ment between measurement and calcu- 
lation. Since nearly all the experi- 
mental points show more reactivity 
than the calculated values, we consider 
the calculations to be somewhat pessi- 
mistic. However, the experimental 
measurements extend to only ~6,000 
Mwd/tonne, whereas the required 
irradiations for CANDU are ~10,000 
Mwd/tonne (6,000 Mwd/tonne repre- 
sents the limiting exposure obtainable 
with the metallic-fuel tests; oxide tests 
recently begun should reach 10,000 
Mwd/tonne in the middle of 1961). 
Similar measurements have been re- 
ported by Gunst, McGarry and 
Scoville (9) for irradiations up to 15,600 
Mwd/tonne. Their experimental and 
theoretical results agree within the 


experimental error, ~1% in k or 
~10 bifa. A detailed comparison 
with their measurements has not yet 
been made. 


Fission-Product Poisons 


The buildup of fission products in 
irradiated fuel causes large reactivity 
changes. Calculations of this poison- 
ing are revised as new data become 
available; the trend has been to a 
marked increase in the calculated 
poison. For calculation we class the 
fission products as “high cross section”’ 
or “low cross section.” 

The “high cross section” fission 
products, Xe!**, Sm'4*, Sm'*!, Cd's, 
Eu'®®, Gd'*> and Gd'*’, are usually 
treated as saturated poisons (i.e., in 
equilibrium concentration), with yields 
appropriate to isotopic composition of 
the fuel. A remeasurement of the 
yield of Xe" in Pu**® fission gave a 
value of 7.25% (10), significantly differ- 
ent from the older value of 5.3%. This 
change alone resulted in a decrease of 
~300 Mwd/tonne in the predicted 
burnup for CANDU., 

The “low cross section” fission 
products comprise the majority of the 
fission products. From the mass of 
available data on neutron-capture cross 
sections and yields for fission products, 
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one can calculate the poison cross sec- 
tion resulting from an average fission 
and its subsequent changes with 
irradiation. Fortunately, the fission 
products separate reasonably well into 
those with short half-lives, in which 
neutron capture cannot compete with 
radioactive decay, and those which are 
stable or long-lived. For this reason 
the poison concentration is not sensi- 
tive to the flux level of irradiation. A 
good fit to the calculated values can be 
obtained using ‘three pseudo fission 
products”’ with yields assigned to the 
different fissile nuclides (see box on this 
page). 

Walker (11) has revised the pseudo- 
fission-product yields and cross sections 
to allow for the resonance capture in 
fission products. The current values 
(see box) represent a considerable in- 
crease over those previously in use. 
The initial poison contribution of 
“low-cross-section”’ fission products is 
63.8 barns per fission from U?** fission 
and 74.1 barns per fission from Pu?*® 
‘fission. This revision in the yields and 
cross sections of the fission products is 
equivalent to a decrease of ~1,000 
Mwd/tonne in the predicted burnup 
for CANDU. This is only one of the 
revisions that have caused the predicted 
value for the lifetime to oscillate 
between the 8,800-Mwd/tonne and 
10,600-Mwd/tonne limits mentioned 
before. 


Experimental Program 


The measurements of reactivity 
change with irradiation are continuing. 
UO, samples are being irradiated in the 
NRU reactor to ~10,000 Mwd/tonne, 
and the reactivity changes will be 
measured in the Pool Test Reactor at 
Chalk River. The samples will also 
undergo chemical and isotopic analysis. 

Precise estimates of the reaction rates 
in fuel-rod assemblies require a knowl- 
edge of the neutron spectrum in 
the fuel assembly. Measurements are 
being made, in a loop installed in 
ZEEP, of neutron-reaction rates in 
a mock-up CANDU fuel assembly. 
Bigham has measured the variation of 
the o;( Pu?**) /o,(U 2") ratio with coolant 
temperature relative to the value of this 
ratio for a 20° C Maxwellian neutron 
spectrum. With coolant temperature 
equal to moderator temperature this 
ratio shows a 14% increase above the 
Maxwellian value; this is attributable 
to the reactor spectra in the rod 
assembly. 
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table. 


Pseudo Fission Products 


Chalk River has developed a quite general method for mocking up neutron 
absorption by the “‘low cross section” fission products (i.e., all fission products 
except six high-cross-section isotopes). 
of three “pseudo fission products’—a 50-barn fission product, a 300-barn 
fission product and an 800-barn fission product. 

The total absorption o.yg in barns introduced for this group per average 
fission and its subsequent burnout with irradiation | (in neutrons per kilobarn) 
is given by cavg = SOys90~°-8 + 300y30007°:*! + B00ys—907°*/. 
of pseudo fission product of cross section x barns given in the table. 
| = 0, o,,g = total initial poison (Zyio;) given in the right-hand column of the 


The method assumes the buildup 


Here y, = yield 
When 





Fissile nuclide 50 barns 
0.111 
0.118 
0.178 
0.168 


0.583 
0.698 
0.802 
0.817 


233 
U 235 
Pu?*9 
Pu**! 


Pseudo-fission-product 
yield per fission 


300 barns 


Total initial 
poison 


800 barns (barns per fission) 
—0.00497 

—0.0079 

—0.0244 

—0.0128 








The numerical expression given for o,v, should be valid for any thermal reac- 
tor in which the fission products remain in the fuel. 








The changes as a function of coolant 
temperature are appreciable both for 
reactivity-lifetime calculations and for 
calculations of the coolant temperature 
coefficient of reactivity. We plan 
further measurements that will use hot 
air rather than hot D,O in the loop to 
separate the contributions due to D.O 
coolant temperature from those due to 
the heated oxide. Measurements of 
the scattering neutron cross sections 
and angular distributions for fuel- 
assembly materials are now under way 
in a joint Harwell—Chalk River experi- 
ment; these detailed measurements 
will provide basic data for the calcula- 
tion of reactor neutron spectra. 

Precise measurements of the “initial 
conversion factor” (the number of 
Pu?*® atoms produced per U?** atom 
destroyed) are needed to make accurate 
calculations of the reactivity lifetime. 
Several measurements of NRX ir- 
radiated fuel have confirmed a value of 
0.76-0.77 for NRX. Unfortunately, 
measurements of the required precision 
(~1%) are not available for UO. 
lattices, and the values used at present 
derive from the “lattice recipes.” 
Activation measurements of the re- 
quired precision in zero-energy lattices 
are possible with present experimental 
techniques. One difficulty is the meas- 
urement of the U?** §, Np?**_*, Pu2s9 
activity with negligible corrections for 


fission-product y-rays. A coincidence 


method based on the pattern of y-ray 
emission following Np*** 6-decay has 
given promising results. The method 
resembles that described by Sher (12). 
A preliminary result has given agree- 
ment between measurement and calcu- 
lation within ~1% for a fuel geometry 
closely resembling the CANDU lattice 
arrangement. 
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CANADA 


Reactor Safety in Canada 


The Canadian approach is to be quantitative where possible—first to define 
an acceptable numerical risk, then to gather statistics to show that the re- 
liability of equipment and human judgement meets this standard. Duplicate 
components and continuous testing are ways to build in the perfection needed 


By GEORGE C. LAURENCE, Atomic Energy of Canada Lmitd., Chalk Rwer, Ontario 


PROTECTION against reactor accidents 
in Canada does not differ greatly from 
the practice in the United States and 
the United Licensing au- 
thorities in all three countries evidently 
feel that, although safety measures are 
costly should be no relaxation 
until there is much more experience. 


Kingdom. 


there 


In Canada, however, our awareness of 
the cost has made us re-examine safety 
requirements. It has made us look for 
new systems that will provide the same 
or better protection at less cost. 

It is difficult to claim that a reactor 
is safe unless one can express the de- 
safety in terms that permit 
comparison with a standard. We need 
to express risks quantitatively, even if 


gree ol 


the limits of uncertainty in our esti- 
mates are several orders of magnitude 
apart. This is a point Siddall (1) has 
emphasized, but many of his readers 
were impressed more by the difficulties 
of making quantitative appraisals. 
Nevertheless we are endeavoring in 
Canada to discuss safety and depend- 
ability in quantitative terms, because 
we feel that, unless probabilities are 
considered, concepts such as the “ worst 
credible accident” are of very little 
help. We need numbers that designer, 
operator and licensing authority can all 
understand and can use for setting de- 
sign and operating requirements. 

First attempts to estimate unreliabil- 
ity depend greatly on instinctive judge- 
ment, but we look for more evidence 
from experience to improve our judge- 
ments and we feel that we are making 
progress. The development of protec- 
tive equipment that can be tested under 
power and control systems that are 
continually self-monitoring makes our 
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task easier. 

Because there is so little experience 
to provide a factual background, wide 
differences of opinion are to be expected 
on reactor safety. This article dis- 
cusses some of the thinking in Canada 
but does not report every point of view. 

We do not mean to suggest that the 
protective measures discussed fn the 
following sections are essential for all 
reactors. The aim is to define the de- 
gree of safety required but not to re- 
strict the means by which it is attained. 


Acceptable Risk 


Our purpose is to maintain a stand- 
ard of safety in the operation of nuclear 
reactors better than that of most other 
industry. To calculate an acceptable 
risk for nuclear reactors we start by 
multiplying the risk in deaths per year 
for all industry by the ratio of the 
annual investment in reactors to the 
annual investment in other industry. 
We then divide by ten to be sure that 
our standard is better than that for 
most other industry. 

On this basis the acceptable risk for 
a power reactor of several hundred 
Mw(th) is of the order of 10-* deaths 
per reactor-year (1). For a small re- 
search reactor it is of the order of 10~* 
per reactor-year. We consider only 
accidental deaths because non-fatal in- 
juries are not easily defined—how does 
one compare the obvious loss of a limb 
with the uncertain probability of dis- 
ease in ten years” 

The operating experience with reac- 
tors is still insufficient to give the sta- 
tistics needed for a precise estimate of 
the future rate. 


probable casualty 


Nevertheless, we should attempt an 
estimate, if only to avoid the impression 
that we expect perfection on the one 
hand or are complacent on the other. 

Although there have been many fail- 
ures of equipment and judgment that 
have caused physical damage to reactor 
plants and have required costly repairs 
and decontamination, the more than 17 
years of reactor operation throughout 
the world have resulted in only three 
deaths and very few overexposures of 
persons. The two most costly acci- 
dents, NRX in 1952 and one of the 
Windscale reactors in 1958, caused no 
personal overexposure. We thus have 
some basis for concluding that the risk 
from the more probable kinds of acci- 
dents is acceptably small. 

But the great effort and expenditure 
on reactor safety has not been prompted 
by anxiety about the more probable 
kinds of accidents. It is dictated by 
fear of the single accident that would 
raise the average casualty rate above 


the acceptable level, e.g., an accident 


FIG. 1. RELAY NETWORK rejects spurious 
signal on one of three identical channels 
Wrong signal on B trips relays S,., and 
Sie which in turn open relay R,, 
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causing several hundred deaths. We 
should, therefore, define a “major”’ 
accident and distinguish it from the 
more probable accidents. We will take 
as a major accident one in which at 
least ten persons are killed by radi- 
ation. Deaths that are not due to 
radiation exposure are not included. 
Discussions of the ‘‘worst credible 
accidents”’ do not exclude the small 
possibility of a single accident produc- 
ing a few thousand deaths (2). But 
to suggest that the average loss of life 
expected in major accidents of large 
reactors is more than 1,000 would go 
far beyond the limits of credibility. 
If the maximum acceptable risk is 


10-? deaths per reactor-year and the 
average number of deaths per major 
accident is less than 1,000, the number 
of major accidents should not exceed 
This limit is so 
low that experience alone cannot tell us 


10~° per reactor-year. 


whether we have succeeded in reaching 
it. We can only infer the probable 
accident rate by estimating the proba- 
bility of coincidence of causally inde- 
pendent conditions. Suppose we can 
establish that the frequency of equip- 
ment and operating failures capable of 
causing a major accident is 10~' per 
reactor-year, and that the probability 
of the protective devices failing to oper- 
ate when called upon is less than 107, 





Moderator Level Control 


Canadian power reactors will be controlled by adjusting the depth of heavy 
water in the reactor vessel (5,6). The important advantage of moderator level 
control is its great simplicity with no moving mechanical parts in the reactor 
core where maintenance would be difficult. Pumps move the heavy water 
into the vessel! at a constant small rate from the dump tank below; the water 
returns to the tank through a goose-neck (see figure). The difference in 
helium pressure between the vessel and the dump tank determines the 
depth of heavy water in the vessel. Only this difference in gas pressure pre- 
vents the heavy water from falling out of the reactor. Helium is pumped at 
a nearly constant rate from the reactor to the dump tank and returns through 
three gas lines (only one shown in the figure) connecting the top of the tank 
to the top of the reactor. 

The control signals determine the setting of the six valves on the three lines 
connected as shown in Fig. 2d. The valve settings vary continuously with 
the signal strength from fully open to fully closed. With all six valves at a 
certain intermediate setting the flow of gas through them just equals the rate 
at which gas is returned to the reactor vesse! by the pumps, and thus a constant 
pressure is maintained which keeps the depth of heavy water in the reactor 
vessel constant. If a fault in one signal channel were to completely stop 
the flow through two of the gas lines the valves in the third line connected 


the dump tanks. Three large gas 
pipes connect the top of the reactor 
to the top of the dump tank (only 
one is shown in the figure). Nor- 
mally, two solenoid valves in series 
in each pipe prevent the flow of gas 
through the three pipes. Opening 
the two valves in one of the lines will 
quickly equalize the gas pressures in 
the two vessels and the heavy-water 
moderator will drain quickly from 
the reactor. The solenoids of the 
six valves connect to three parallel 
scram circuits as shown in Fig. 2d. 
A test signal on only one channel or a 
fault in only one channel will not 
dump the moderator. At least two 
channels must be defective to make 
the system inoperative. 

To make sure that the scram will 
handle the maximum rate of reactiv- 
ity increase, the moderator pump-up 
rate is kept very small compared with 
the dump rate. 





to the remaining two signal channels would open enough to compensate. 
A protective scram consists in dumping the heavy-water moderator into 
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we may then conclude that the probable 
frequency of major accidents is less 
than 10~4 per reactor-year. 

(Before accepting this conclusion we 
must be confident that the frequency of 
simultaneous faults in both the equip- 
ment and the protective devices due to 
a common cause, such as an earthquake 
or lax management, is also less than 
10-4 per reactor year.) 

Since in the example given above the 
total probable rate of major accidents 
is not below the required limit of 10-5 
per reactor-year, additional protection, 
such as containment, would be needed. 

The limits chosen in this example are 
small enough to be useful, but large 
enough to be attainable. 
they must also have another very im- 


However, 


portant quality: they should not be so 
small that it is impossible to convince 
anyone that they have been achieved. 


Dangerous Failures 


The two most important classes of 
dangerous failures are faults in the reac- 
tivity-control system that tend to pro- 
duce a power excursion, and faults in 
the primary cooling system, such as 
rupture of piping or stoppage of pumps, 
that could result in overheating of the 
fuel. 

A control system contains so many 
components it is unreasonable to expect 
less than 1 unsafe fault per year. If 
each unsafe fault meant an increase in 
reactor power stopped only by the pro- 
tective system, and the unreliability of 
the protective system was 107%, the ex- 
pected frequency of excursions that are 
not safely stopped by the scram system 
would be 10-* per reactor year. An 
expectation of 10~* unarrested excur- 
sions per year is unacceptably high for 
large power reactors. However, at 
least a tenfold improvement can be ob- 
tained by the use of a triplicated auto- 
matic reactivity-control system de- 
scribed in a later section; this then 
reduces the expectation of unarrested 
power excursions to less than 10~‘ per 
reactor-year. We use multiple control 
systems in the large Canadian reactors 
for this reason. 

Most of the primary cooling system 
of a reactor is constructed to well estab- 
lished engineering standards. The 
probability of a major rupture in piping 
and equipment outside the reactor 
causing a loss of the primary coolant 
can be assumed to be less than 10~‘ per 
reactor year and, indeed, the experience 
of the ASME Boiler and Pressure Ves- 
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sel Committee and others shows that 
the performance of high-pressure sys- 
tems is much better than this. 
To apply this figure to parts inside the 
reactor, or to a pressure shell surround- 
ing the core, we must show that irradi- 
ation and exposure to other operating 
conditions do not cause deterioration of 
properties that would make the good 
experience in other industry no longer 


very 


relevant. 

Through duplication of pumps and 
automatic switching on power failure 
to a standby source, it is not difficult to 
reduce the total expectation of a dan- 
gerous loss of flow to below 10~‘ per 
reactor-year. The information on fre- 
quency of power failure and pump 
faults for these estimates is 
easily obtained. The same degree of 
protection against excess temperature 
and pressure can be provided. 


needed 


From more detailed consideration of 
the performance of this kind of stand- 
ard equipment, components and in- 
struments in other industry, and of 
special equipment in reactor plants, we 
believe that the probability of a major 
accident can, by good design and oper- 
ation, be made less than 10~ per reac- 
tor year for large without 
including special containment features. 
Containment provisions then will re- 
duce this probability considerably fur- 
ther to ensure that the total probability 
of major accidents is less than 10-5 per 


reactors 


reactor year. 


Continuous Testing 


In Canada we prefer automatic 
control (3, 4) for large reactors. With 
control preset for the power desired, the 
system brings the reactor from shut- 
down to a demanded power and it holds 
it at this power. It raises the power at 
a safe rate without any manual adjust- 
ment. With automatic control, safety 
does not depend on the continuous, un- 
distracted watchfulness of an operator. 
It permits the operator to give greater 
attention to the many instruments in 
the control room. However, reliance 
on automatic control requires frequent 
testing and prompt maintenance. 

A simple method of testing a control 
circuit is to compare its performance 
with a similar circuit. Gross disagree- 
ment indicates a fault in at least one of 
them. It is improbable that two de- 
fective will agree 
closely, and very improbable that three 


control circuits 


should agree. 
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By operating with two or more 
parallel circuits controlling the reactor 
we have the means of testing them con- 
tinuously since each is a check of the 
other. A large discrepancy between 
their performances actuates an alarm. 

To prevent the defective signal from 
influencing the reactor a system of re- 
lays (connected as shown in Fig. 1) can 
be used to reject the spurious signal. 
This method is used in NRU (4, 9). A 
discordant signal on channel B, for 
example, closes the two relays, 8,, and 
Si. connected to it which in turn cause 
relay contacts at R, to open, discon- 
necting the defective channel B. 

In a different method of suppressing 
the erroneous signal, proposed by Sid- 
dall (6) three servo loops in parallel 
control the power of the reactor. Sig- 
nals proportional to power are amplified 
in each loop and control the motion of 
control rods or the flow of heavy water 
moderator to change reactivity. Re- 
activ ty increases or decreases when the 
observed power P is less or more than 
the demanded power Pp. The ampli- 
fiers are designed so that output signal 
cannot pass outside the limits +L, but 
within these limits the output is deter- 
mined by (Po — Pp) with a high ampli- 
fication gain. The minimum signal 
that can be caused by a fault in one 
channel is —L. This would cause the 
reactor power to increase until the sig- 
nals in the other two channels are 
increased to +L/2. By making the 
range +Z small and the gain within it 
great the departure from the demanded 
power can be limited to a few per cent. 
A wide disagreement between the sig- 
nals of any two channels would be 
announced by a warning alarm con- 
trolled by relays connected between the 
three channels. Another method is an 
alarm that would sound if any two of 
the output signals are at opposite ex- 
tremes of the operating range +L. 


Safeguard Unreliability 


The unreliability of a protective pro- 
vision is the fraction of time that faults 
that render it ineffective are allowed to 
remain. We assume that the protec- 
tive provision is completely effective 
when free from faults; i.e., it prevents 
an equipment failure from causing a 
major accident. Note that “unreli- 
ability”’ refers here to the probability 
of failure to operate but “‘effective”’ 
describes what the operation can do. 

There are two kinds of faults 
that are immediately evident and faults 


those 


that are only revealed by test and in- 
spection. The part of the unreliability 
due to obvious faults is 


Usov and M ov/ T orwv 


where M,,, is the average time re- 
quired to correct the fault and 7.,, the 
average interval between the occur- 
rence of faults (i.e., the reciprocal of 
their frequency). The part due to 
faults that must be found by testing 
or inspection is 


Urest - (M toat “+ T test/ 2) / T test; 


where Ji. is the interval between 
tests, Mus is the time required to 
replace the instrument, Tres is the 
average interval between the faults. 

The most frequent faults may be 
expected in small components of 
instruments. It is important that the 
instruments be designed so that they 
ean be quickly replaced. Experience 
at Chalk River shows that, if mainte- 
nance service is available whenever 
the reactor is operating, the time 
required to replace the defective 
instrument Mp, or Mees, need not 
average more than 1 hour. For Uspy 
to be less than 10-*, 7’, must exceed 
6 weeks. T7',, can be determined by 
a few months test with simulated 
operation conditions before the plant 
is operated. If no failures occur dur- 
ing this test it should give sufficient 
confidence in the device to allow plant 
start-up. Continued operation with- 
out failure during subsequent weeks 
would strengthen confidence that Uo... 
is less than 10-* 

The interval J,... between tests must 
be short to obtain a low unreliability 
Ue. For this and other reasons it is 
very desirable to design protective 
devices so that it is unnecessary to 
interrupt plant operation to make tests 
for faults. This can be done for 
most parts of the equipment by dupli- 
cation, as discussed later, and if the 
tests are simple, they can be made 
every 8-hour shift, so that Mies. + 
Test /2 is about 5 hours. In this way 
one can make U,,..; less than 10-* with- 
out requiring that T's be so large as 
to rule out a preliminary measurement 
of it before starting operation plant. 


Duplicating Parts 


The frequency of faults in equipment 
that contains many small components 
may be quite high. Where it is dif- 
ficult to make the interval 7 between 
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FIG. 2. MULTIPLE SAFETY CIRCUITS improve reliability of reactor safeguards. 


: 


To dump tank 


A, B 


and C are three versions of scram in which signal operates relays to break current to 


magnets holding scram rods. 
used on CANDU power reactor 


faults long and the interval J between 
tests short, the unreliability Ue. can 
be made small by duplicating the more 
that 
both sets of parts must contain faults 
at the same time to render the system 
ineffective. Then 


vulnerable parts in such a way 


._7/9 2) 
ee an Meh Li. 9 4 (M +1 2 
T? ay 
(M + I 2) 
ve 


D is circuit C adapted for moderator-dump scram to be 


where T is the average interval between 
the independent faults in duplicated 
T’ is the average 


interval between faults in the dupli- 


parts of the system, 


cated parts that are not independent 
they 


same 


are produced together 
and T” is the 


between 


because 
by the 


average 


cause, 
interval faults in 
parts that are not duplicated. 

The first term in this expression can 
small. It may be 
third term 


be made quite 


possible to eliminate the 


by complete duplication of the system; 
otherwise the unduplicated components 
should be few and of types known to 
reliable. The 
the probability of concurrent faults in 
the two parallel branches of the system 
is the 
important. 


be very second term, 


resulting from a common cause, 
uncertain but 
that 
such 


most very 


Some causes contribute to the 


second term, as failure of a com- 
mon power supply, can be excluded by 
fail-safe Others can be 
verted of faults to 
test by 


Normal 
plants gives us 


design. con- 
this 


obvious faults not 


from class 
requiring 
having them actuate alarms. 
experience in other 
that the 


coincident faults caused by fire, 


probability of 
floc rd 


confidence 


or lightning is negligible. 

The most difficult part of the second 
term to 
errors in 


assess is the probability of 


operating or maintenance 
subject to 
influences as changes in policy and 
attitudes of 
bility of faults due to 
errors existing in 
ehannel at the 
greatly by the one-channel-at-a-time 
rule. This rule that, after 
a channel is repaired, it must be tested 


because these are such 


personnel. The _ proba- 
maintenance 
more than one 


same time is reduced 


requires 


in operation and shown to be operating 
properly before repairs are started on 
another channel. A fault, 
then, would depend on the repairman’s 
simultaneously breaking this rule and 
repeating the mistake. We feel that 
(which we 


double 


a reasonable assumption 
are still unable to support by statistics) 
is that the probability of 
event is less than 10~* per year. 

Any claim that the unreliability of a 
than 
theoretical 


such an 


protective device is much less 
10-8, 
probability of the multiple coincidence 
of failures that are 
independent, should be regarded with 
because of the difficulty of 
and third 
small. 
to gain, therefore, by 
multiplicity of 
than is 
reduce the unreliability below 10~. 

We may conclude that a factor of 
unreliability of 10~-* is usually attain- 
able but a much 
take a long time to 
However, the purpose of this order-of- 
magnitude estimating is not to es- 
tablish a standard of approval but to 
importance of different 
causes of unreliability. 
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based only on the 


supposed to be 


caution 
estimating the second terms 
of Uress When they are There 
little 
increasing the 


more 


may be 
com- 


ponents necessary to 


lower factor would 
demonstrate. 


compare the 





Testing Safety Equipment 


The low factor of unreliability that 
is required is difficult to maintain 
unless tests are frequent and replace- 
ment of defective parts is quickly done. 
Also frequent testing is needed to know 
that no deterioration is taking place. 
Frequent shutdowns of large reactors 
are costly and, therefore, the protective 
equipment of such reactors in Canada 
is designed so that it can be tested 
(excepting a few components) while 
the reactor is operating. The equip- 
ment is designed so that components 
can also be adjusted or replaced safely 
during operation. 

The operating policy at Chalk River 
states that, where maintenance may 
safely be done under power, it should 
not be done with the reactor shut 
down. This policy is based on the 
experience that maintenance mistakes 
are more apt to remain undiscovered 
when the equipment is idle and can 
accumulate to render both sides of a 
double-channel system defective when 
the plant is restarted. Similar mis- 
takes made while the equipment is 
operating are more quickly discovered 
so that the probability of coincident 
faults is reduced. 

Testing and maintenance during 
operation is made possible by more 
than one channel of equipment in 
parallel so arranged that trip signals 
must be delivered by at least two of 
them to cause a scram (7). This is 
illustrated by the diagram of the two- 
channel system in Fig. 2a. A fault 
condition detected by the two sensing 
devices S on the left generates in- 
dependent trip signals in the two 
channels of amplifiers which cause the 
two relays R to open contacts in 
parallel. This breaks the circuit of 
the holding magnets of a group of 
shut-off rods so that the rods are free 
to fall into the reactor. A simulated 
fault condition applied for test purposes 
to only one sensing device will confirm 
that the channel is operative by open- 
ing one of the relay contacts. The test 
does not cause a scram because the 
second contact remains closed. An- 
other advantage of the circuit is well 
known; it reduces the frequency of 
scrams caused by faults in the scram 
system. A trip signal in only one chan- 
nel actuates an alarm to indicate the 
presence of a fault. 

While the two-channel system in 
Fig. 2a reduces unreliability by per- 
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mitting frequent testing and prompt 
maintenance, it makes no use of the 
improbability of coincidence to reduce 
unreliability. The channel system in 
Fig. 2b in which the contacts in the 
shut-off rod-holding-magnet circuit are 
in series, does exploit the advantage 
of improbable coincidence in faults in 
two channels, but can not be tested 
without causing a scram. 

Figure 2c shows a_ three-channel 
system that combines the advantages 
of 2a and 2b. A single channel only 
will not cause a scram, but a fault in 
one channel only will not incapacitate 
the system. This circuit with various 
modifications is used in a number of 
Canadian reactors. The simpler cir- 
cuit 2b is suitable for small research 
reactors that are not required to 
operate for more than a day at a time, 
because testing can be done frequently 
in periods of shutdown. 


Hazards During Shutdown 

Research reactors have an added 
hazard in that large changes in reac- 
tivity are easily caused by inserting 
research apparatus or materials in the 
reactor. This is particularly true of 
critical assemblies for lattice experi- 
ments and of reactors that are ‘‘spiked” 
with highly enriched fuel to compensate 
for unusual neutron losses in research 
equipment. 

For example, an error may be made 
in estimating the effect of a change in 
the loading made while the reactor is 
shut down. A large increase in re- 
activity caused by the change may not 
be noticed because the reactor is 
heavily poisoned with Xe'®. As the 
Xe'*> decays reactivity increases and 
reaches criticality. If all of the shut- 
off rods are already in the reactor they 
can provide no further protection to 
prevent excessive power. 

It is the rule at Chalk River that 
when a reactor is shut down by 
insertion of shut-off rods, whether by 
intention or protective scram, some 
of the rods, known as the safety bank 
(8), are immediately withdrawn again. 
To change the loading of the reactor 
with all shut-off rods inserted is for- 
bidden. Maintenance of reactor equip- 
ment, including the protective equip- 
ment, while all rods are inserted is 
avoided. 


Safety During Operation 


Increasing emphasis is being given 
in Canada to safety in operation. 


The experience of the NRX accident 
of 1952 has made us extremely careful. 
The operation of large reactors nor- 
mally follows detailed written pro- 
cedures. When a new situation arises 
or there is reason to depart from 
approved procedures, written approval 
must be obtained from a senior officer 
designated for that purpose. Training 
receives much attention and is kept 
fresh by frequent check-out. 

A low failure rate of equipment and 
procedure and low unreliability of 
protective measures are not qualities 
which once built in remain unimpaired 
and can be forgotten. They depreci- 
ate rapidly unless constantly watched 
and maintained. For this reason in- 
creasing emphasis is placed on fre- 
quent review of all failures and faults 
so that the operator knows if there is 
an increase in failure rate or unreli- 
ability and can correct it. If un- 
reliability increases, owing to frequent 
faults in a component for example, the 
operator can decrease it by using a 
better component, by more frequent 
testing or by quicker replacement of 
defective instruments. A very im- 
portant contribution to the safety of a 
reactor is the correction of weakness 
that is revealed during commissioning 
and early operation. 

The operator must know whether 
or not his equipment is in good working 
order and is as reliable as the design 
intended. To know this tests must 
be made regularly in a_ prescribed 
routine, records must be kept of failures 
of components and these data must be 
examined and interpreted frequently. 
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Organic-Cooled Deuterium- 


We hope to build a reactor experiment to establish the feasibility of the OCDR concept 


for power reactors. 
and develop suitable sintered-aluminum-powder materials for cladding the fuel 


But first we must optimize reactor design, find improved organics 


By IAN MacKAY, Civilian Atomic Power Department, Canadian General Electric Co. Ltd., Peterborough, Ontario, Canada 


THE ORGANIC-COOLED DEUTERIUM- 
MODERATED REACTOR uses heavy water 
as moderator, but extracts heat from 
the fuel channels with an organic cool- 
ant. It combines the low fueling costs 
resulting from D.O moderation and 
“once through” natural-uranium fuel, 
with the ‘apital costs expected 
from the of organic 
Capital costs, and to some extent main- 
tenance costs, are reduced through such 


low 


use coolants. 


properties of organic coolants as low 
vapor pressure, good radiation and 
thermal stability, noncorrosiveness at 
high temperatures, low induced radio- 
activity and relatively low price. Such 
properties eliminate the need for high- 
pressure construction, extend the use of 
carbon steel and aluminum, permit the 
use of industrial-type pumps and fit- 
tings and make possible high bulk-cool- 
ant outlet temperatures. But 
penalty must be paid in terms of radia- 
tion damage to the coolant with its 
associated makeup costs, and possibly 


some 


in reduced neutron economy as com- 
pared with D.O-cooled reactors. 

The OCDR concept was first investi- 
gated by Canadian General Electric in 
1957. Preliminary appraisals of power 
plants using this concept were so at- 
tractive that CGE undertook in 1958 a 
more detailed design and cost appraisal 
of a 150-Mw OCDR power plant (7). 
The results confirmed the earlier im- 
pressions of the attractiveness of this 
concept. Following this study, agree- 
ment was reached with Atomic Energy 
of Canada Ltd. to undertake an Or- 
ganic-Cooled Reactor Program 
from this point there has been a grow- 
ing Canadian effort in this field. 

Specifically we are designing an Or- 
ganic-Cooled Deuterium-Moderated 
Reactor Experiment (see Fig. 1) under 
the sponsorship of AECL. The deci- 
sion to build OCDRE will be based on 
the outcome of the conceptual design 


and 


and development programs now in 
progress, and on the results of a study 
of the cost of energy from large organic- 
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cooled The reactor is in- 
tended for installation at AECL’s new 
Whiteshell 
near Winnipeg. If approved by 
AECL, criticality would come in 1964. 

The case for the organic-cooled reac- 


reactors. 


reactor development site 


tor assumes first, that an organic cool- 
ant will be available with a satisfactory 
combination of properties when used 
with maximum bulk temperatures in 
the range of 750°-800° F and second, 
that a fuel-sheathing material will be 
available that is compatible with the 
coolant, can be produced and fabricated 
at reasonable cost and serve at 
temperatures close to 900° F. 

The bulk of the work in Canada, car- 
ried out jointly by CGE and AECL, 
better 


can 


has been directed towards a 
understanding of the properties of vari- 
ous possible organic coolants and evalu- 
ating materials suitable for use in or- 
D.O The 


initial objective was to set tentative 


ganic and environments. 
specifications for materials for an ex- 


perimental organic-cooled reactor. 


Organic Coolants 


Investigators in the U. S., UK and 
Canada have been learning a good deal 
about the properties of organic coolants. 
Although two years ago each group was 
using its own unique heat-transfer cor- 
relations, improved measurements show 
that standard correlations now can be 
Experience with the U. S. 
Organic Moderated Reactor Experi- 
ment shows that fouling of fuel ele- 


used (2). 


ments depends largely on certain con- 
stituents of the organics, which can be 
removed so that fouling can be elimi- 
nated (3). Fouling is also much re- 


duced if held 


within certain limits that happen to be 


coolant velocities are 
desirable for other reasons in heavy- 
water moderated reactors. 
Experiments indicate that nucleate 
boiling in organics can control transient 
hotspots. Disposal of organic waste 
by burning has been demonstrated (4). 


{adiation-damaged organic coolant has 


been purified by continuous distillation 
in a prototype rig. Progress has been 
made in the disposal of particulate im- 
purities, although there is still room for 
improvement. Agreement has not yet 
been reached on the rate of breakdown 
caused by irradiation, but experimental 
techniques (particularly dosimetry) are 
now much improved and a great deal 
of information has been accumulated. 
AECL and we will explore new cool- 
ant possibilities with the aims of im- 
proving physical properties generally, 
especially radiolytic and pyrolytic sta- 
bility, and reducing cost. Phenyl de- 
rivatives, the organics receiving most 
attention in the past, will not neces- 
sarily prove most economical in the 
longrun. For example, irradiations of 
alkylphenanthrene by Atomics Inter- 
suggest that it 
stability than the usual terpheny! mix- 


national has higher 


tures. It also contains a lower pro- 
portion of hydrogen to carbon, an ad- 
vantage in D.O-moderated 
What’s more it’s substantially cheaper 


reactors. 
than the terphenyls. Of course much 
more would have to be known about 
the 
under 


behavior of alkylphenanthrene 
before it could be 
In due course there 


irradiation 
used in a reactor. 
are sure to be other materials that will 
merit investigation. 

It is interesting to note that the type 
or organic best suited for use as a mod- 
erator in an organic-moderated reactor 
is not likely to prove most economical 
as a coolant in a reactor moderated by 
another material, say heavy water as 
in our case. In an organic-moderated- 
and-cooled reactor the volume of or- 
ganic exposed to irradiation is many 
times as great as the volume exposed to 
irradiation in a heavy-water-moderated 
organic-cooled reactor. For example, 
in a conceptual 150-Mw(e) OCDR de- 
sign the organic coolant in the core 
represents only 1.7 wt% of the total 
moderating material. The organic- 
damage rate in such a reactor should be 
only 2-4% of that for an organic-mod- 
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Moderated Reactors 


erated-and-cooled design (1). Thus 
whereas the radiation-damage rate and 
low replacement cost rank high in the 
requirements for an OMR, a property 
(which 

more 


such as low 
lowers capital cost) might be 


important in an OCDR. 


vapor pressure 


Fuel Design 


Originally it was assumed that the 
presence of a hydrogen-containing cool- 
ant in a multiple-element fuel assembly 
for a D.O reactor would seriously affect 


reactivity. Early proposals assumed 


that rather expensive fuel configura- 
tions would be required to limit the 
coolant to a bare minimum. More 
recent calculations and experiments 
indicate that the extra coolant present 
in a fuel element that is most economi- 
cal to manufacture will not exact a 





Organic-Cooled Deuterium Reactor Experiment 


FIG. 1. In this 35.1-Mw/(th) reac- 
tor experiment power and cost are 
kept low while central fuel bundles 
generate power density close to that 
of large power reactor; six central 
fuel-test channels have 1.4%-enriched 
UO, but outer 54 channels contain 
natural UO Each test channel is 
monitored for flow, temperature and 
radioactivity and can be cooled in 
individual loop. Outer fuel bundles 
can be changed (with reactor at full 
power) by machines within pressur- 
ized shield above reactor vessel. 
Fuel in six central test channels can 
be changed only when reactor is shut 
down. About 100 Ib of test coolant 
leak into main 300,000-lIb system 
when a bundle is changed, but no 
reverse leakage takes place. 

As with the NPD-2 and NRX reac- 
tors, control is by moderator level and 
temperature—no control or scram rods 
are required. We estimate the mod- 
erator temperature coefficient with 
fresh fuel is —0.07 milli-k/° F. With 
equilibrium fuel (2,500 Mwd/tonne U) 
this becomes 0.06 milli-k/° F. 
With a probable moderator tempera- 
ture range from 120 to 180° F, this 
gives a range of —4.2 milli-k with 
new fuel. 

Shield pool above core contains 
enough coolant to fiood the reactor 
vessel in case of a “major failure. 
Rupture of a coolant tube in the 
reactor would allow coolant to mix 
with D.O, which would shut down the 
reactor even if all controls fail. 

In operation, the Santowax-OM70 
coolant keeps cladding temperature 
below 858° F. Maximum thermal- 
neutron flux is 1.87 K 10'4, Of the 
total 62,800-ib D.O inventory, 48,500 
ib is in calandria, which is 44-in. 
304ss 9 ft high by 11 ft in diameter. 
Heat is dissipated to atmosphere and 
there are no_ special irradiation 
facilities, 
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FIG. 2. OCDRE FUEL BUNDLE design has 22 Type-M257 sintered-aluminum-powder 
tubes (all have 20-mil wall but there are three different diameters) containing sintered 
and ground UO, pellets. Bundle is half core height; each bundle is irradiated in both 
top and bottom locations to obtain higher, more uniform burnup 


penalty for the extra coolant exceeding 
0.4 mills/kwh in a 100-Mwe plant. 
Thus OCDR fuel development need 
not start with a completely new type of 
fuel but rather with fuel generally simi- 
lar to that being developed for NPD-2 
and CAN DU [see article by Mooradian 
and Robertson on p. 64]. Optimum 
burnups of more than 8,000 Mwd/tonne 
of natural uranium are probable. 

The present reference design for 
OCDRE fuel bundles is in fact gener- 
ally similar to those we’ve developed 
for Canada’s all-heavy-water reactors. 
However, the organic coolant permits 
the use of aluminum as a cladding 
material (see Fig. 2). The fuel ele- 
ment shown here is not necessarily the 
type that will be adopted for the first 
core, but no fuel with lower reactivity 
characteristics will be tested. 

Some concern has been expressed 
that the 0.040-in. clearance between 
fuel elements is insufficient to prevent 
fouling. However, we believe that the 
lowest cost will be reached by putting 
considerable effort into avoiding fouling 
conditions at all times and maintaining 
clearances dictated by heat-transfer 
requirements without fouling. It is 
interesting to note that an increase of 
0.010 in. in this clearance increases 
power cost by about 0.1 mill/kwh in a 
large power reactor. 

Fuel cladding. Our early assump- 
tion that sintered aluminum powder 
materials (“SAP” or APM”) would 
be first choice for fuel cladding have 
been borne out by the elimination of 
beryllium, magnesium and zirconium 
alloys as possible alternatives. Mag- 
nesium alloys were eliminated because 
of their poor strength at high tempera- 
tures and sensitivity to corrosive attack 
from traces of water in the organic. 
Zirconium alloys appear to be subject 
to attack from free hydrogen resulting 
from radiolytic decomposition in the 
organic at coolant operating tempera- 
tures, but their use may be practicable 


80 


for thermally insulated coolant tubes 
operating below about 300° F. Beryl- 
lium is still a possibility, but while it 
has good neutron economy, its disad- 
vantages are about the same with or- 
ganic coolants as with the gas-cooled 
reactors for which it is being seriously 
considered—it is costly and difficult to 
fabricate, and irradiation drastically 
reduces its ductility. 

Developments favoring SAP have 
occurred in at least four areas. In the 
first place, materials now can be pro- 
duced with better and more uniform 
mechanical properties than two years 
ago. For instance, ductility at 900° F 
has doubled. Some of the previous 
erratic performance seems to have been 
caused by ferrous impurity particles 
Hydro- 


that caused internal stresses. 


gen content originally was excessive 
and caused blistering of the metal at 
high temperatures. The process now 
is controlled rigidly and hydrogen con- 
tent is at a low level. 

A second major development is that 
AECL has shown that prolonged irradi- 
ation (1.5 X 102° n/cm?) has no signifi- 
cant effect on the physical properties of 
this material. 

Thirdly, although by no means all 
the problems of tubing manufacture 
have been solved, tubing has been pro- 
duced to suitable tolerances in the de- 
sired sizes (~% in. dia by 0.020 in. 
wall). Prospective demands for quan- 
tities of this material for nonnuclear 
use probably will spur suppliers to 
greater efforts. 

Lastly, good progress has been made 
in joining SAP, which cannot be welded 
by ordinary means. Pressure bonding 
has been performed successfully both 
with and without an intermediate diffu- 
sion layer of another metal. 
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plete OCDR power plants. 


respect to the net cost of energy. 


of unit. 


Power capacity 


Fuel and operating* costs 
(mills/kwh) 


and the cost of heavy water. 


costing 5.15 mills/kwh. 


Computer Optimizes OCDR 
Designs for Minimum Power Costs 


We use a very extensive computer program to optimize the design of com- 
Input data are based on actual costs of the NPD-2 
power plant together with the most accurate estimates available of the effect 
of changing size, area, weight, steam pressure, etc. on the cost of each major 
component and system. The output gives such data as reactor lattice dimen- 
sions, steam-cycle pressures, efficiencies and fuel burnup, all optimized with 
The following data indicate the information 
available and give some idea of the dependency of energy costs on the size 


100 Mw(e) 
Capital cost ($10°) 39 


2.9 


We can estimate total energy costs for a given location by applying the 
appropriate write-off rate to capital cost, which includes such items as interest 
during construction, engineering, the capitalized portion of the first fuel charge 


For example, in a large publicly owned Canadian utility, a unit having a net 


output of 188 Mw/(e), operating at 80% load factor and optimized for a con- 
servative coolant outlet temperature of 700° F would generate electrical power 


* Operating costs include makeup for coolant and moderator. 


200 Mw(e) 300 Mw(e) 
58 75 


Py 1.8 
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URANIUM PROCESS PLANT... 
PIPED BY MIDWEST For this $50,000,000 Atomic 
Energy Commission uranium processing plant... 

4,365 PIPING ASSEMBLIES&Of stainless and carbon 


steel were fabricated and erected by Midwest... 
S567 PUMPS AND VESSELS and other mechanical 
equipment were installed by Midwest... as well as 


1,186 MAJOR INSTRUMENTS including control valves, 


flow meters, etc. 
A 360-MAN Midwest field erection crew completed 
the job on schedule. 


WRITE for NEW 24-page bulletin, 


POWER AND PROCESS PIPING. 


MIDWEST 


PIPING COMPANY INCORPORATED 
1450 South Second St. St. Louis, Missouri 
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CANADA 


Versatile Data Displays for Reactors 


INSTRUMENTATION and MEASUREMENTS 


By Cc. G. LENNOX and A. PEARSON, Atomic Ene rgy of Canada, Ltd., Chalk River, Ontario, Canada 


The size and complexity of modern 
reactors demand, and modern data- 
processing techniques make possible, a 
new order of data presentation for the 
reactor operator. He wants to be able 
to measure many variables continu- 
ously, store the results, and have them 
available as required, in any of several 
easily interpreted display modes. Such 
display schemes need to be much more 
revealing of a reactor’s behavior than 
are the meters and strip-chart recorders 
that are the hallmarks of today’s tech- 
nology. The importance of more effec- 
tive data display can be appreciated if 
you recall the scene in a typical reactor 
contro] room when, after some upset in 
the system, a dozen recorder charts are 
unrolled while operators attempt to 
correlate past occurrences. 

Our concern about data displays for 
nuclear reactors had such a beginning, 
but the problem is much broader than 
that. We believe that by choosing 
appropriate data storage and by giving 
thought to the amount of reactor his- 
tory that must be kept not only can the 
task of “looking back” be simplified 
but a new tool becomes available to 
aid the operator in assessing plant 
conditions. 


FIG. 1. 


TEMPERATURE MAP of tomorrow, simulated here, indicates by brightness of 


square cells in cathode-ray-tube display how hot corresponding fuel elements are. 
Stored data can be “rerun” on this display, permitting operator to “see” evolution of 


condition that may have shut down reactor. 


Modern techniques permit electronic writing 


of words and numbers as shown here or such fixed data could be permanently inscribed 


Strip-Chart Recorder Goes Electronic, Learns New Tricks 


FIG. 2A. MULTIPLE-TRACE display is like 
multi-pen chart recorder, but traces (dots 
of light on cathode-ray-tube face) move 
as shown by arrow 


FIG, 2B. TRACES COMPARED. Electronic 
nature of CRT display makes it easy to 
shift one trace so that it is superimposed on 
another for direct comparisons 


FIG. 2C. TIME IS COMPRESSED. By av- 
eraging over points in periods 1, 2, and 3 
of A, display of long-term data is possible. 
Trace moves more slowly, of course 
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Now, for the first time, automatic analysis of radioactive 





samples with counting rates as low as 2-3 cpm 


Low level C-14, P-32, and Sr-90 samples, pre- 
viously unmeasurable with automatic equip- 
ment, can be counted with high precision in 
Nuclear-Chicago’s new Low Background Auto- 
matic Sample Changer. Unwanted interfering 
background has been reduced to only 2 counts 
per minute by extensive shielding and a unique 
“‘guard”’ which eliminates cosmic ray counts. 
High sensitivity is achieved by use of a new 
‘‘Micromil’’® window gas flow detector. 


The low background permits a substantial cutin 

the amount of labelled reagent required in tracer 

work and greatly reduces measurement time. 

The entire system can be left unattended and _ 

printed data collected when convenient.And— 

if you already have a Nuclear-C vie : 

ic Sample Changer, you can ¢é 

est cost into the new Low Back 

For full information, please ask us a send our 

Bulletin C-115. : 


nuCclear-chicago 


CORP ORATION 
345 E. Howard Ave., Des Plaines, Iilinois 





INSTRUMENTATION AND MEASUREMENTS 


This article starts on page 82 
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FIG. 3. HERE'S HOW it's done: Scanning circuit samples transducers in turn, sampled 
output is amplified, converted to digital form and stored temporarily awaiting transfer to 
appropriate proper position (address) on magnetic drum after address has been written. 
Signals on drum are read out by heads shown at bottom of drum, amplified, and displayed 
strip-chart fashion (as Fig. 2) or on special geometric display (as in Fig. 1) 


With routine reactor operation being 
made more fully automatic it becomes 
ever more important to be able to in- 
form the operator in charge quickly 
when his human intellect is required. 
A smoothly running plant, for which we 
are all striving, is not conducive to 
keeping people alert to reactor condi- 
tions and some means for quick retro- 
spective appraisal is required. There- 
fore, our concern is not only with an 
adequate display of the instantaneous 
picture but also with supplying a pic- 
ture of how the reactor reached any 
particular state. 

When information is stored on a 
moving chart the display is predeter- 
mined and any other type of display 
such as a temperature-contour map of 
the reactor must be laboriously com- 
piled by piecing together information 
from various charts. If, however, a 
rapid-access store that is independent 
of any display can be made feasible, 
then electronic means can be used to 
search the store and display the data in 
any of several forms (see Fig. 1 for an 
example). 


Display Recent Information 


If every bit of information were to be 
kept as long as conventional strip-chart 
records are normally retained no practi- 
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cal rapid-access store would be large 
enough. However, we must realize 
that as information ages it becomes less 
useful for the immediate problem of 
running the reactor. 

With this in mind we set the criterion 
that only the 100 most recent measure- 
ments of a variable will be retained— 
each new measurement replaces the 
oldest. The storage requirement for 
1,000 variables each measured to within 
1% is then about 10° bits. 

The 108 figure is obtained as follows: 


100 


le ll 
no. of readings 
X (4+ 4) = 810°, add parity check 
—~— and clock pulse = 10° 
Binary coded decimal, 
units and tens for 1% accuracy. 


1,000 
al 


no. of variables 


This number of bits is readily stored 
on a 10 in. by 10 in. magnetic drum, 
which at present appears to be the most 
feasible device with both the required 
capacity and short access time. 
Longer-term trends will be recorded by 
storing a condensed version of the sam- 
pled information, but again the total 
number of stored measurements per 
variable will be limited to 100. 

Since information collected immedi- 


ately before and after a fault condition 


can be of importance at a much later 
date an entry into a permanent store is 
worthwhile. This may be especially 
desirable when a variable is being sam- 
pled rapidly and there is not time to 
investigate a transient before it is lost 
in the averaging process. In this case 
the information will be cleared from the 
drum and stored shortly after the tran- 
sient occurs so that the approach to it 
can be seen. This process could be 
initiated whenever the reactor tripped 
or whenever a variable exceeded a 
preset limit. Many 
clearing a drum to a permanent store 
exist and are standard in modern data- 


processing systems. 


techniques for 


Current Investigations 


Two display systems are being exam- 
ined in conjunction with an experimen- 
tal 32-point system. The first display 
is based on the familiar strip-chart- 
Here the pens are 
replaced by electronic guns and the 


recorder technique. 


presentation made on the screen of a 
cathode-ray-tube. This is 
in Fig. 2. 

With the information in electronic 


simulated 


form many techniques can be utilized 
to help the operator quickly survey the 
situation. Figure 2A shows a number 
of traces appearing together for easy 
correlation and moving in time down 
the 
clarity half the points have been left off 


face of the screen. To increase 


each trace. Example B shows a trace 
moved across the screen for more de- 
tailed comparison with another. As a 
further aid the amplitude of these two 
traces could be readily amplified to fill 
the screen. Example C reflects the 
transition from detailed information to 
the longer-term display. The informa- 
tion on the middle trace in 
subdivided into blocks from each of 
which an average is formed as shown 
in C. The resulting trace will move 
much more slowly than the detailed 


A is shown 


information. 

Secondly, a geometric display can be 
synthesized very simply from the data 
recorded on the drum. Fig. 1 showed 
how this might look. The figure was 
made up from a temperature distribu- 
tion typically found in the NRU reac- 
tor. Each cell represents a fuel-rod 
location. To generate this pattern the 
data will be read out of the drum as 
each address (location) is recognized 
and the brilliance of the appropriate 
area on the screen will be made pro- 
to the amplitude of the 
measurement. 


portional 


(Continued on page 132) 
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lf your company is looking for experience in 
the extrusion and coldworking of nonfer- 
rous metals—particularly those having special 
characteristics such as high temperature 


resistance or low neutron absorption... 


let's get together 


because we, at Wolverine Tube, have this kind of experience—have been working for a 
number of years on such special metals as zirconium, titanium, tantalum, columbium, molyb- 
denum, and vanadium. Our research and development facilities are entirely separate from our 
normal manufacturing operations, thus enabling us to devote full attention to your problems. 


Important, too, is the fact that we are heat transfer specialists—have had years and years of 
experience in this field. Write for Wolverine’s new Special Metals brochure just off the press—it 


tells the complete story. 


WOLVERINE TUBE 


DIVISION OF 


Calumet Hecla, Inc. 


DEPT. F, 17260 SOUTHFIELD RD., ALLEN PARK, MICH. 
Manuf 


turers of Quality -Controlied Tubing 











53-9104 


PLANTS IN DETROIT, MICHIGAN AND DECATUR, ALABAMA, 
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capacity. The voltage pulse rises in 
~10~* sec and decays with time con- 
stant of circuit. Ideally, detector capacity 
should be as small as possible, and deple- 
tion layer should be thick to obtain maxi- 
mum charge 


FIG. 1. OPERATION of semiconductor- 
| junction detector. Charged particle pass- 
| ing through silicon detector creates electron- 
| hole pairs in its wake; pairs formed in 
charge-depleted layer of reverse-biased 
junction create charge applied to detector 
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Uses of Semiconductor Detectors 
in Health-Physics Monitoring 


for nuclear processes 


The unit illustrated is used in 
the salvage severance of obso- 
lete pipelines. In actual use the 
cutting head is suspended in 
the “hot” area and is operated 
by remote control. It is control- 
lable in a manipulator “wrist 
action” for positioning between 
manifolded pipe headers. In 
less than 10 seconds it will cut 
4” O.D. x .226 wall Inconel pipe 
at room temperature. Your in- 
quiry on units of this type or 
for the development of other 
special equipment involving 
high pressure hydraulics 
would be welcome. 


Write for Complete Information 


By A. R. JONES 


Biology and Health Physics Div., Atomic Energy of Canada Lid. 


Chalk River, Ontario, Canada 


Semiconductor detectors (1) offer the 
health physicist a number of advan- 
tages: The detecting medium is very 
and the 
energy expended per ion pair is very 
low (3.6 electron volts in silicon) ; unlike 
photomultiplier and counter tubes, they 


dense compared with a gas, 


operate from simple power supplies; 
they are rugged and have short response 
times. The 
ation is illustrated in Fig. 1. 


junction mode of oper- 


Alpha Particles 
The simplest application is to alpha- 
contamination monitoring, since alpha 


| particles are both energetic and easily 
| stopped. 

A useful monitor should have a large 
losniliiine area (10 em? or greater) and 
| requires large-area junctions with low 


BRADLEY, 
86 


MFG. CO. 


unit capacity. A monitor using a four- 


junction array is under development at 


!1LLiNOtS:| Chalk River to survey a 16-cm? area. 


The total capacity of these junctions is 
1,000 wuf and the alpha-produced pulses 
are up to 200 wv high. These can be 
amplified by a low-impedance transistor 
amplifier, such as the one illustrated in 
Fig. 2. 

A monitor of this kind should have 
several advantages over a scintillation 
detector having the same sensitive area. 
The over-all size, weight and cost would 
be much reduced, and a more rugged 
and reliable instrument should result. 


Beta and Gamma Rays 


To measure beta and gamma rays, 
detectors with the thickest depletion 
layers are needed—in both cases, ion- 
ization is caused by electrons that re- 
quire ~1 mm of silicon to stop them. 
Also the electron often 
small (~100 kev) compared with alpha- 
particle energies, so that to achieve a 


energies are 


good signal-to-noise ratio, the capacity 
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Quality costs less in the long run 


Zero leakage nuclear pumps 


rz 


Since 1872 
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Four BJ Liner-Motor Pumps Provide Primary 
Cooling for AEC’s SPERT-III Project 


High temperature, high pressure and high capacity performance with 
zero leakage are demanded of these four Byron Jackson Liner-Motor 
Pumps. Employed to handle pressurized water for primary coolant 
at the Atomic Energy Commission’s SPERT-III project near Idaho 
Falls, the 500 HP pumps are operating at 650° F, 2500 psig, and are 
rated at 5000 GPM with a total dynamic head of 350 feet. 

In building pumps to such critical requirements, BJ calls upon the 
engineering skills and manufacturing methods that have made Byron 
Jackson a leader in nuclear pumps for all types of reactors...station- 
ary, or portable. The success of BJ nuclear pump design is proved 
through the installation or specification of BJ Pumps on practically 
every major commercial reactor in the United States. 

BJ quality does cost less in the long run! 


Byron Jackson Pumps,inc. 


A Subsidiary of Borg-Warner Corporation 
P.O. Box 2017-A, Terminal Annex, Los Angeles 54, California 





Eldorado 


DECIMAL SCALERS 
FOR THE NUCLEAR PHYSICIST 


Eldorado solid state all-electronic 
scalers count random events at a 
maximum rate of over one million 
counts per second. Resolving time is 
less than 1.0 microsecond. Especially 
well-suited for accelerator counting 
room service, these compact instru- 
ments weigh just 13 pounds and use 
Y fewer transistors than comparable 
models. They can be used wherever 
the advantages of complete transis- 
torization are important. 

Eldorado offers three standard 
models in the SC-750 series, each 
with built-in regulated power supply. 
Two models provide full electronic 
storage of 10% and 108 counts. The 
third has 3 decades of electronic 
storage and a 4-digit mechanical 
register. Special versions can be fur- 
nished with other counting combina- 
tions and provisions for readout to 
a printer or tape punch. 


KEY SPECIFICATIONS 
SCALER 


Resolution Better than 1.0 micro- 


second 


Greater than 1 mega- 
cycle 


AMPLIFIER (optional) 


Minimum Input Signal 
Overload Recovery 


DISCRIMINATOR TYPE 
RANGE 
SIZE 


Max. Counting Rate 


10 millivolts 
100 X, 7 microseconds 
Integral 


1 to 11 volts 
19 x 34% x 10% inches 


Eldorado can furnish scalers and count- 
ers to fit your specific application. For 
more details, please address Dept. 


Eldorado 
lectronics 


2821 Tenth Street 
Berkeley 10, California 


| INSTRUMENTATION AND MEASUREMENTS 


This article starts on page 86 














FIG, 2. 


of detector and amplifier must be small. 
For these reasons, small-area junctions 

| with thick depletion layers are needed. 
At Chalk River, such counters (with 

~1 ppf) have been made 
| using high-purity silicon (2). To avoid 
| reducing the signal, an amplifier with 
| low input capacity (see Fig. 3) is needed. 
The efficiency of gamma-ray and 
beta-particle detection is limited by the 
physical size of the detector. A counter 

| made of very pure silicon would yield 


capacities 


the largest detecting volume for a given 


capacity. 


The possibility of using junction de- 

















INPUT CIRCUIT for large-area ‘alpha detector 


tectors in a gamma dose-rate meter is 
being investigated at Chalk River be- 
cause such a monitor might be smaller, 
and more reliable than existing types. 
To make such an instrument work over 
a wide range of photon energies, the 
detector response over the energy range 
must first be measured. A typical 
pulse-height spectrum is shown in Fig. 
4; note that it is continuous from zero 
up to a maximum value. This maxi- 
mum pulse height is a function of detec- 
tor dimensions and photon energy. 
Thus the total number of pulses and 
their sizes with Since 


vary energy. 











To succeeding 
stages 


25 m'\ / 





FIG. 3. 


INPUT CIRCUIT for small-area y-and §-radiation detector 
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Canada’s famous NRX and NRU Reactors— 


RADIOISOTOPES, 
RELATED EQUIPMENT AND SERVICES. 


Cobalt 60 Irradiation Sources ® Radiography Sources 
Neutron Sources * Radioisotopes (over 80 standard types) 
Neutron and Gamma Irradiation Services ® Consulting Services 
Plus 
The world renowned Gammacell 220 Irradiator and its smaller 
counterparts the Gammacell 200 and 100, and the most compre- 

hensive choice of Cobalt 60 Cancer Teletherapy Units. 

The rich background of knowledge acquired by A.E.C.L. during 
the decade of experience in the production and application of 
Radioisotopes is at your disposal. Please write to: 


ATOMIC ENERGY OF CANADA LIMITED 


COMMERCIAL PRODUCTS Division. 
P.O. Box 93 Ottawa, Canada. 
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MODEL #N616 


ecceee se THE EKCO N616 
VIBRATING REED ELECTROMETER 


Unsurpassed performance and flexibility at low 
cost. Proudly offered as successor to the widely 


used and well known EKCO N572 Electrometer. | 


The name Ekco Electronics, Ltd. signifies more than world-wide 
representation and acceptance on six continents. Whether it be 
instruments for precise radiation measurements, unique laboratory 
research, reactor monitoring, public health and plant safety, or 
industrial gaging through isotopes, Ekco Electronics, Ltd. on the 
nameplate of an instrument represents the acme of excellence in 
design, performance, dependability and long-lasting value. An im- 
pressive list of companies and institutions throughout the world 
use Ekco equipment. 


The above instrument is one of a large and complete range of 
EKCO instruments described more completely in the EKCO cata- 
logues available upon request. We cordially solicit your inquiry. 
Write today for name of franchised EKCO representative nearest 
you. 








NOW FULLY PROVEN 


the EKCO low-cost Scintillation System for Tritium and Carbon 14 counting. 


The EKCO Scintillation Counter has been thoroughly evaluated 
and proved in actual use. It is accepted as the best dollar value on 
the market . .. convincing proof that superb instrumentation need 
not be expensive. 


Factory Sales and Service in U.S.A. 
(See Below) 


EKCO ELECTRONICS, LTD. 


In U.S. A., address all inquiries to: 
American Tradair Corporation, 34-01 30th Street, 
Long Island City 6, New York 
ELSEWHERE: Ekco Electronics Ltd.. Southend, England 
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most ionizing electrons originate out- 
| side the depletion layer, some control 
over counter response is possible by the 
| correct choice of surrounding medium. 
The pulses produced by gamma ir- 
| radiation can be handled in two ways: 
(1) all pulses between certain size limits 
|} can be counted; (2) both size and num- 
| ber of pulses can be taken into account. 
The first alternative is simpler if it can 
| be made to work. It requires that 
| even low-energy photons produce some 
| pulses large enough to be counted. 
To take account of pulse size as well 
as number, the pulses can be amplified 


| 
| 


| and then rectified or the radiation-in- 

duced direct current can be amplified. 
The a-c method is difficult if a wide 
range of intensities is to be handled, 
and the d-c method is limited to intensi- 
| ties where the signal current is not small 
compared with the detector-leakage 
current. It is interesting that an alpha 
| detector 2 cm? in area has about the 
same d-c sensitivity to gamma radi- 
ation as a 300-cm? air ion chamber. 


| Neutrons 


| fission fragments are directly detecta- 


Because alpha particles, protons and 


ble, neutrons can be detected by means 
of neutron-sensitive coatings. 

Fission fragments coming from a 
U2*5 Jayer in front of a junction provide 
one means of neutron detection. Un- 
fortunately, a uranium layer having a 
thickness equal to the fragment range 


Counting Rate (Arbitrary Units) 


t ne! Number 
10 yumbe 


FIG. 4. TYPICAL PULSE SPECTRUM of 
| high-impedance semiconductor detector un- 
der radium gamma irradiation 
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provides only a small cross section. | 
There is also the danger of radiation | 
damage because of fragment mass and 
energy. 

More promising is the boron-10 (n, a@) 
lithium-7 reaction, which provides a 
1.47-Mev alpha particle of sufficient 


. 
a 
¥ 


8 100 


FIG. 5. NEUTRON SPECTRUM obtained 
with B'°-coated, large-area junction com- | 
pared with Pu?*°-alpha spectrum obtained | 
with same detector before boron coating; | 
channel numbers correspond to different 
energy scales for the spectra. Difference 
in spectral shapes arises because boron 
layer behaves similarly to thick alpha source 


penetration. Figure 5 shows the pulse- 
height distribution obtained from a | 
large-area junction coated with B*®| 
when bombarded with neutrons from a | 
plutonium-beryllium source. 


Needed Developments 


At the present time, both alpha and 
neutron monitors using junction detec- 
tors are feasible and offer similar advan- 
tages. Gamma and beta monitors 
must await more detailed study of 
existing detector types or further devel- 
opments of them. One welcome devel- 
opment would be a detector that itself 
amplifies, because the electron-pro- 
duced pulses are often inconveniently 
small. Such a device, now under 
study, is a transistor detector that pro- 
vides current gain (3). Another possi 
bility is a diode that can be triggered 
into an avalanche mode by radiation— 
the solid-state equivalent of a G-M 
tube 

Higher-purity silicon is needed for 
all junction applications in health 
physics, providing thicker depletion 
layers and smaller capacities. Im- 
provement in pulse size and in detection 
efficiency could then be attained. 


BIBLIOGRAPHY 


S.°S. Friedland, J. W. Mayer, J. 8. Wiggins, 

NUCLEONICS 18, No. 2, 54 (1960) 

I. M. McKenzie, J. B. Waugh, Trans. Profes- 
al Group on Nuclear Science—I RE %, No. 2 

1960) } 

R. I Williams, Bull im. Phys. Soc. 

No. 5, 354 (1960 


Vol. 18, No. 10 - October, 1960 


Leak proof packless valves... 


for. 
liquid 
metals 
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This rugged Robertshaw Packless Valve stands up 
under the roughest abuse your liquid metals can hand 
out ...and gives you leak-proof control under pressures 
up to 500 psig.—temperatures up to 1400° F.! 


On special orders for high vacuum application, this 
valve can be mass spectrometer tested to assure ex- 
tremely low rate of leakage. 


Hand wheel is non-rising ; 3-ply stainless steel bellows 
for greatest flexibility under high pressure service ; back- 
seating stem with anti-torque bushing. Body and bonnet 
of stainless steel or carbon-moly steel; seat and poppet 
of stainless steel with stellite face. Valve sizes: 12” to 
114”. 


Complete specs in Catalog SV-F. Write today! 


Robertshaw-Fulton Controls Company on 


ail 
* | BULTON SYLPHON DIVISION, KNOXVILLE 1, TENNESSEE 


91 








UNITED 


new design 
CAMTIGHT 
self locking closure plug 
for 
REACTOR STANDPIPES 


STAINLESS STEEL 
EXPANSION BELLOWS 
Temperatures to 1600° F. 

Pressures vacuum to 
300 p.s.i. (special types 

available for higher 

pressures) 


FLEXIBLE HOSE ASSEMBLIES 


in bronze or stainless steel 
for high pressure steam, 
water, gas, etc. 


VIBRATION 
CONNECTORS. 
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—_——_—_— Flip-flop 


SA Ve Power supply 


| RATIO CIRCUIT. 50-yamp meter across left-hand transistor of two-transistor flip-flo 
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indicates fraction of time spent waiting for pulse from unshielded right-hand G-M tube 
(Mullard MX-119) after circuit has been switched by pulse from shielded left-hand tube 


Dual Detectors Key to 


Radioisotope Identifier 


By R. W. TOLMIE, Commercial Products Div. 
Atomic Energy of Canada Ltd., Ottawa, Ontario, Canada 


Gamma-ray energy, and hence the 
emitting radioisotope, can be readily 
measured with the circuit shown. 
Ratio of counting rates from twin 
7-cm X l-cm halogen-quenched G-M 
tubes mounted together in probe pro- 


vides the essential measurement. One 


| G-M tube is shielded by 1 em of lead, 


| tion 
| counting rates) depends on gamma-ray 


| energy. 


Glucos al, GL 
mercap' thylme 
ethylx oxamin 
pentaa e, u odium | 


| sides 


| tubes 


Idea is that absorp- 
relative 


the other is not. 


in shield (and hence 


Radioisotope can be read 
directly on face of meter as shown in 
inset. 

Detectors are connected to opposite 
of transistor flip-flop circuit. 
Proportion of time either half is con- 
ducting depends on ratio of counting 
rates and is measured by metering 
average voltage across transistor in 
opposite side of flip-flop. Zener diode 
regulates flip-flop supply voltage. 
Longer time constant is used for meter 
when counting rate is low or a steady 
meter reading is required for maximum 
With this time constant 
using Mullard MX-119 Geiger 
the identifier will operate in 


resolution. 
and 





MiCROAMPERES 








a 


METER READS ISOTOPE. Face of 50- 
Hamp meter is marked at characteristic 
readings. Higher gamma energy gives 
higher current 





fields from about 1 mr/hr to 40 mr/hr. 
Upper limit is set by disproportionate 
dead-time losses, lower limit by meter 
fluctuations and fact that background 
radiation determines effective energy. 
20-vamp meter in series with high-volt- 
age supply indicates when field is within 
proper limits. Power supply has sim- 
ple oscillator that drives miniature 
transformer; high-voltage output is rec- 
tified, filtered shunt-regulated 
using a corona regulator tube. 
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VICTOREEN AREA 


Victoreen Leads in Monitoring with over 
1000 Channels in the Field and Operating 


SYLCOR Plant, Hicksville, Long Island, New 
York, is equipped with the latest Victoreen 
multichannel area monitor. Centrally located 
control panel, with visible and audible alarms, 
is connected to sensing elements throughout 
plant for maximum radiation protection. 


Perfected. The monitoring systems Victoreen is 
delivering today incorporate the design refine- 
ments made from experience with over 1000 
channels in field use under every conceivable 
type of ambient condition, including indoor and 
outdoor use and even under water. 


Proven. Victoreen monitoring systems have 
proven themselves — where proof counts most 
— in the field and in regular operation under the 
most adverse conditions. 


Preferred. With far more channels installed and 
successfully operating than any other manu- 
facturer, the preference for Victoreen monitoring 
is unassailable. And Victoreen continues to in- 
crease its lead in monitoring leadership. 2770 


Service by 
RCA SERVICE COMPANY 
A Division of Radio Corporation of America 


The Victoreen Instrument Company 


5806 Hough Avenue * Cleveland 3, Ohio 
Export Department, 240 West 17th St., New York 17, N.Y 


Cable: TRILRUSH, New York 
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Canadian Experience 


A Famous Pump, Rolled Joints at Canadian GE 


Mechanical shaft seals on a high-pressure test-rig pump at 
Peterborough have held leakage to amazingly low levels 
over equally amazingly long times (0.001—0.025 gph for 
more than 6,400 hr over the last 4 years). The pump is a 
double-suction single-stage centrifugal type (1,200 
164 ft head) used to circulate 525° F, 1,200 psig water in a 
multiloop out-of-pile test rig. The modified 
Byron Jackson Type D with rotating faces of Stellite and 
stationary faces of graphite. 


gpm, 


seals are 


Technician makes rolled-joint seal between pressure tube 
and end fitting in program to develop this technique for 
Canada’s pressure tube-reactors. Tube expander inserted 
inside tube end exerts mechanical pressure through rolling 
action that forces tube surface into tight contact with end 
fitting. Rolled joints have been consistently leak-tight 
and with strengths greater than the tube strength at 530° F. 
Joints can be made remotely to replace pressure tubes in 


a reactor. 





Orenda Works with Superheated Steam, Anodic Films 


Anodic oxidation of Zircaloy-2. A 


correlation between the effects on 





Zircaloy-2 of anodic oxidation in acid 
media and exposure in a steam auto- 
clave may lead to extensive use of the 
former for determining corrosion re- 
sistance of Zircaloy-2 in high-temper- 
The advantage would 
method could be 


ature water. 
be that the anodic 
carried out in a much shorter time than 
the three days required for the auto- 





Novel out-of-pile loop (above) has a test section (vertical tube at center) cooled by 
D-c electric heating simulates up 
The centrifugal compressor, right, 
s 20 lb/see through 


superheated steam at 1,500 psi and 1,050° F. 
to 560 kw of fission heating in fuel specimens. 


(1,000°-F, 1,500-psi inlet conditions) can circulate as much a 
The heat generated is removed by continuously blowing-off 
Horizontal tank at center is desuperheater while tanks at left are water- 


the test section. 
steam. 
treatment system. 
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clave test. Orenda has developed 
methods to determine to within 10% 
the thickness of anodic films produced 
on Zircaloy exposed to a sulphuric- 
acid-nitric-acid-water system. Orenda 
then plans to correlate anodic film 
thickness corrosion 
autoclave tests. The films also prom- 


ise to be of interest in themselves as a 


with measure in 


protective coating for Zircaloy-2. 
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Test Loops 
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Low-pressure rupture disc 


Water Pumps Helium Gas, Condenses Steam at AECL-NPPD 


Hydraulic helium compressor works by entraining gas in a 
downward-moving column of water. Entrained gas is com- 
pressed by the increase in hydraulic head with decrease in 
height of AECL’s Nuclear Power Plant 
Division is developing a design to provide the 5-psig He 
pressure difference needed for moderator-level control for 
NPD and CANDU 
cheaper and more reliable; main problem is getting a large 


moving water. 


reactors. New pump promises to be 


enough air-to-water volume ratio. 


Test facility mocks up containment system for NPD and 
CANDU reactors. Shotgun blast ruptures the disc in high- 
enthalpy water system, simulating rupture of primary- 
coolant circuit. Initial discharge of water-steam mixture 
is vented to the atmosphere through relief duct at the bot- 
tom. At later stages in the discharge the pressure con- 
trolled butterfly valve releases a cold-water spray that con- 
denses the escaping steam. Test tank is 17 ft high and 
7 ft in diam. 





Canadian Westinghouse Builds Test Loops 


; 


_ 


NG 


d 
A. 
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Reactor Component Test Loop (left) 
subjects specimens to thermal and 
pressure cycles, can go from 100° F to 
600° F at 5°/min and from 0 psig to 
2,000 psig at 70 psi/min. Less photo- 
genic but more ambitious is a 275-kw 
gas-cooled loop designed and now com- 
pleting fabrication by Canadian West- 
inghouse. The loop, now partially 
installed in the WTR, will be cooled 
by 32,000 lb/hr of CO, at 500 psig and 
a maximum temperature of 860° F. 
The loop was built for General Nuclear 
Engineering Corp. who will use it to 
perform tests in support of its D,O- 
moderated, gas-cooled pressure-tube 
reactor. Even with a 860° F gas tem- 
perature, thermal insulation holds the 
outside surface of the test section (in 
contact with the water) to about 
150° F, 
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FIG. 1. NPD PRESSURE-TUBE assembly consists of straight, uni- 
form Zircaloy-2 tube passing through reactor core and complex 


Each pressure tube supports fuel assemblies horizontally, provides 
passageway for D.O coolant heated by fuel and permits reloading 


type-410 stainless-steel end fittings outside high neutron flux. 


Burst Tests Help Set 
Design Stress for NPD Pressure Tubes 


fuel elements independently of other channels at full power 


By WILLIAM A. WOLFE,* Atomic Energy of Canada Ltd., Chalk River, Ontario, Canada 


Pressure tubes are basic features of 
both the Nuclear Power Demonstra- 
tion Reactor (NPD) and the Cana- 
dian Deuterium Uranium Reactor 
(CANDU). Because of the high op- 
erating pressures and temperatures 
(about 1,050 psig and 530° F for NPD), 
the pressure tubes must be designed 
carefully for the highest 
integrity. The tube design must also 
promise adequate resistance to corro- 
adiation effects—all 
at minimum annual cost. 


possible 


sion and adverse 


The pressure-tube designer has a 
double economic incentive to design the 
thinnest tube possible—not only is first 
cost important but neutron absorption 
by the tube material is costly. An 
important ingredient in setting the 
pressure tube thickness is the allowa- 
ble design stress. For instance, calcu- 
lations for the CANDU reactor show a 
saving of $2-million or 0.1 mill/kwh if 
the design stress for its tube material 
(Zircaloy-4) is increased from 15,000 to 
18,000 psi. Thus we have made a 
particularly careful study of the proper- 
ties of our tube materials, backed this 
up with realistic design and confirmed 


* PRESENT ApprReEss: Department of 
Mechanical Engineering, University of 
British Columbia, Vancouver, B. C. 
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our results with both tensile and tube- 
burst tests. 


Design Stresses 


In NPD the pressure tubes will be 
subjected to several forces—internal 
pressure, gravity load due to weight of 
tube and contents, loads imposed by 
supports and thrust from feeder pipes. 

As shown in Fig. 1, the complete 
pressure-tube assembly includes quite 
complex end fittings, but the tube itself 
is straight and uniform, which simpli- 
fies stress calculations. 

In 1957, when we decided that NPD 
should be a reactor, 
was available on tensile 
properties of Zircaloy-2 sheet and strip, 
but not for tubular shapes. The 
properties of Zircaloy-2 
sheet made it apparent that we would 
need to use cold-worked material to 
For 
example, if we cold-work 15-20% we 
can raise the design stress from 8,000 
to 13,000 psi. 

We used the 
Vessel 
(Construction of 


pressure-tube 
information 


mechanical 


obtain a suitable design stress. 


ASME Boiler and 
Code, Section VIII 
Unfired Pressure 
Vessels), as the basis for design. At 
first we assumed 41,000 psi as the 
minimum ultimate tensile strength for 
15% cold-worked Zircaloy-2, but our 


Pressure 


tests later showed 51,000 psi to be mor 
realistic. Wecalculate thermal stresses 
to be about 1,200 psi, but, since the 
ASME Code Case No. 
1234) allows a temperature stress equal 
to half the allowable stress before re- 
quiring that the thermal stress be con- 
sidered in determining the wall thick- 
ness, we omitted these stresses from our 
calculations. With a tube wall of 
0.156 in., the calculated maximum prin- 
cipal stresses are 13,750 psi at the outlet 
and 14,170 psi at the inlet. These 
stresses meet all the requirements of 
paragraph UA 601(a) of the Code ex- 
cept that the safety factor based on the 
lower assumed ultimate tensile strength 
(41,000 psi) is three instead of four. 
The designers and the boiler inspection 
branch of the Ontario Department of 
zabor consider this safety factor 
acceptable because of the simple and 
calculable loading plus the rigid quality 
control and inspection specified for 
each tube. 


(revised by 


Burst Tests 


The design of the pressure tubes is, 
we have seen, based on the minimum 
mechanical properties that our experi- 
ence teaches us to expect. We are, 
however, bound to determine whether 
the tubes that will actually be used do 
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EXPAND YOUR COMPUTING CAPACITY 
WITHOUT LEASING OR BUYING 
COM PUTERS. We're specialists at handling computer overloads— 


quickly — at minimum cost. Contact us with your nuclear engineering problems in 
physics, shielding, short term operability, diffusion, transport approximations, 


reactor and plant kinetic equations, dynamic simulation . . . and many others. 


Equipment Includes IBM 7090. The McDonnell Automation Center has over $7 
million in equipment... over 300 E.D.P. specialists, 75 of whom are highly trained 
in scientific fields. Equipment in our Scientific Section alone includes the 240 
amplifier PACE analog system, network analyzer analog, Burroughs Datatron 204, 
and the most advanced high-capacity digital computer, the i3M 7090. And we’re 
Set up for either “onetime” problem solutions common in the nuclear field, or for 


problems involving existing nuclear codes. 


We can handle “peak load”’ service for large users or ‘‘full capacity” service for 


small to medium-size organizations. Call: or write today for comprehensive literature. 


Division of MCDONNELL AIRCRAFT 


Box 516 «+ St. Louis 66, Mo. 
Phone: PErshinges . 
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NEW LINEAR AMPLIFIER 


FOR SCINTILLATION 
SPECTROMETRY | 


2 
MODEL 358-1 


<p recovers from 4000x 
overload in 8 microseconds 


Franklin Electronics’ Series 358 
Linear Amplifiers* offer vast im- 
provements over previous ampli- 
fiers. In addition to their ability to 
recover from a 4000x overload in 
eight microseconds, they provide an 
exceptionally high overall gain of 
70,000 when used with their match- 
ing preamplifier. 

Series 358 Linear Amplifiers are 
available in various configurations 
to meet every application. Models 
are available with built-in integral 
or integral and differential pulse 
height analyzers. For immediate 
shipment. 


Request Data Sheet 2001 


*Developed at Oak Ridge National Laboratories 
by George Kelly (ORNL Type A 


BRIEF SPECIFICATIONS 


MAXIMUM VOLTAGE GAIN 
preamplifier 

GAIN STABILITY: 0.9 
from 105 to 130 V 

GAIN CONTROL: By factors 
of 64 

OUTPUT PULSE: +110 V (doubly differentiated). 

PULSE WIDTH: 0.5 microseconds 

RISE TIME: 0.2 microseconds 

OVERLOAD RECOVERY: 8 microseconds 
overload 

LINEARITY: 0.1% of rated output 

MAXIMUM COUNTING RATE: 250,000 cps 

NOISE: Output noise at full gain is 0.82 v rms, 
corresponding to 34 microvolts referred to input 

POWER REQUIREMENTS: 105 to 125 V ac, 170 W 
D-C power drawn, 39 W 

PHYSICAL: Dimensions; 19 
D. Weight; 35 Ibs 


70,000 (with matching 
for line voltage changes 


of 2 over a total range 


from 4000x 


random) 


Rack x 894” Hx 1344” 
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electronics, a 


BRIDGEPORT ° PENNA, 


NUCLEAR ENGIN EERING This article starts on page 96 


have these properties and whether 


| there is variation in the product of one 


manufacturer or between the products 
of different manufacturers. One way 
to make such a determination is to take 
both 
and transversely and subject 
these to tensile However, this 
gives limited information; the 
burst test (to be described below) adds 
determination of 
mechanical properties because it sub- 


small-size samples cut longi- 
tudinally 
tests. 
only 
confidence to our 
jects a sample of the tube to stresses 
much larger 
do have 


which, though they are 
than those to be met in service, 
the same geometrical distribution. 

After all, 


with 


although some experience 
Zircaloy-2 in reactor conditions 
exists, the final proof of a pressure-tube 
design can come only from long-term 
experience in a_ reactor. 
a reactor must exist for this 
to be obtained—but NPD 
will be our first pressure-tube reactor. 
So we have tried to design NPD with as 
much knowledge of material properties 
The 
fracture is an important characteristic. 
We have investigated it by burst tests. 
We plan to burst-test about 30 tubes; 
thus far we have tested seven. 

Specimens. For the test, sections of 
NPD pressure tubes ~24 in. long are 
rolled into end fittings that duplicate 
the NPD tube-to-fitting 
The rolled joints are made by 

firm (¢ General 
Electric Co., Ltd.) that is making the 
actual NPD joints; so the actual and 
identical as 
although actual pressure tubes 
will be ~13 ft long. We measure the 
thickness of the tube to be 
attach thermocouples and strain gages 
at suitable locations. 

Test method. First we 
thermal stresses by bringing the entire 
tube t F by filling it with water at 
that temperature. Then we 
steadily until the 


operating 
Obviously, 


experience 


as we can obtain. mode of 


joint in 
essence, 


the same ‘anadian 


test joints are as nearly 


possible, 


burst and 


eliminate 


oO 535° 
increase 
the water pressure 
tube fails. (The pressure needed to 
rupture the tube is at least five times 
the NPD pressure of 1,050 psig.) 

a tube after failure. 
high-enthalpy water, 


Figure 2 shows 
Because we use 

significantly more energy is released at 
failure than if we used cold water. In 
all tests a portion of the tube between 
the end fittings is ejected violently. 
The metal ejects so violently from the 
apparatus that it is further deformed 
it hits the ceiling or floor 


when walls, 


of the test pit. 
3.75-in.-i.d. tube must open enough to 
an internal 3-in.-dia heater tube 


However, the bursting 


clear 
the annulus is at least }¢ in.); 
there are no marks on the heater tube 
to indicate that it has been struck by 
the ejected metal. It should be borne 
in mind that the 
tests are 


as yet 


high-pressure burst 


concerned with material 


FIG. 2. PRESSURIZED ZIRCALOY TUBES 
burst when shear stresses cause axial crack 
to form and run axially at 45-deg angle 
to radial line until forced to turn (usually 
90 deg) by end fitting; crack is smooth and 
sharp edged except for 1—2 in. where it 
starts. Whether crack extends to both 
ends depends on where it starts—some- 
times when crack turns at one end, tube 
opens so that crack at other end goes 
around tube before reaching second fitting 


properties only; in the reactor the 
pressure is so much lower that no such 
burst could occur. 

Results. These results of the high- 
burst test 


fidence in Zircaloy-2 as a pressure-tube 


pressure increase our con- 


material and in the soundness of the 
rolled joint between the Zircaloy tube 
end fitting. 


strength of 


and the stainless-steel 
The table 
Zircaloy-2 as obtained from burst tests 
and from tensile tests (we test trans- 
verse 0.059-in.-dia_ by 
Chevenard samples from the tube to 
check anisotropy of tensile properties). 
Strengths derived from the burst tests 
invariably are higher than those 
the tensile tests. 
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compares the 


and 0.275-in. 


from 


So far we have not 





ANNOUNCEMENT TO U.S. GOVERNMENT AGENCIES 
AND INDUSTRY CONCERNED WITH 
NUCLEAR POWER 


Background knowledge, services and facilities acquired by a Canadian 
Company in the nuclear field through direct participation in studies on 
superheated steam, heavy water and gas cooled pressure tube type reactors 
are available through the association of ORENDA ENGINES LTD., MALTON, 
CANADA and TELEFLEX INC., NORTH WALES, PENNSYLVANIA. 


TELEFLEX 


NUCLEAR PRODUCTS 


TYPICAL PRODUCTS AND SERVICES 


1. Reactor cooling channel, design and safety 
evaluation studies associated with pressure 


tube and pressure vessel type reactors Lae? ; 
Extensive U.S. Sales coverage will be provided by 


Fuel charging and core servicing machines ' hee 

_ ’ ; the Nuclear Products Division of TELEFLEX, INC. 
Design and provision of ‘In-Pile’ and ‘Out-of- 
>» >” ‘ > i © " iliti . es . . . 
Pile’ loops and other experimental facilities Teleflex will also participate in the engineering and 
manufacture using the experience and facilities that 
have made them a leading electro-mechanical 


system supplier. 


Development and evaluation of nuclear 
materials and joining processes 


Research and training reactor 
Impermeable graphite 

. Superheated steam circulators (1000°F, 1500 
psi) 


Proven Teleflex Nuclear Products include: 


In-Pile irradiation equipment including: g 
furnaces for close control of temperature and 
pneumatic motion transducers for such appli- 
cation as creep measurement 


Flux Mapping Systems 


. Control Rod Drives 


Vacuum melting furnace for mixing and pour- 
ing highly active materials Neutron Source Drives 
. Compact hoist for glove box applications 


. Valve Controls 


RESOURCES 


Laboratories for research development and evalua- 
tion of material, mechanical systems and compo- 
nents, heat transfer and fluid flow, instrumentation 
systems and components. Manufacturing plant for 
large and small components. 


. Special Mechanisms 


All enquiries should be addressed to: 


ORENDA ENGINES LIMITED 
Box 4015 
Terminal ‘A’ 
Toronto, Ontario, Canada 


TELEFLEX INCORPORATED 
Nuclear Products Division 
North Wales 
Pennsylvania, U.S.A. 
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SCINTILLATORS 


Neutron Detectors 

@ Clear boron-containing organic 
glass with ZnS (Ag) dispersion 
for fast and slow neutron de- 


tection. 
® Loaded liquid scintillators. 


® Proton recoil liquid and plastic 
units 


®@ Pulse shape discrimination liquid 


and plastic units. 


Gamma Detectors 


© Flow well plastics, and 


slabs. 


type, 


Beta Detectors 


capillary and liquid 
thin 


@ Flow type, 
for filter paper counting, 
sheets. 








NUCLEAR 
ENTERPRISES LTD. 


1750 Pembina Highwa 
WINNIPEG 9, CANADA 
Associate Co: Nuclear Enterprises 


- t 
Sighthill, Edinburgh ||, Scotland 


DETECTOR. ivy DIA #1 0G Nal (TU 
SOURCE. Cs-137 

SOURCE DIST. 15 

PHOTOMULT TUBE OUMONT 6292 c 


RESOLUTION. CePEAK 7¥a% 
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: ‘CRYSTALS pivision: ! 
ISOTOPES, INC. 


123 Woodland Avenue, 
Westwood, New Jersey 


NUCLEAR ENGINEERING This article starts on page 96 


been able to explain the exact magni- 
tude of but 
that more is involved than the fact that 


this discrepancy, we feel 
the stress is applied biaxially in the 
burst and longitudinally in the tensile 
test. The method of manufacturing 
the tube establishes preferred orienta- 
tion of the Zircaloy that 
strengthens the tube in this application. 

We have seen no failure at the rolled 
even though we reroll and reuse 
end fittings three The 
joint did not fail even in a test where 
we overrolled the joint to the extent 
that the tube beyond the 
expanded. In every 


crystals 


joint, 
times. 


some 


fitting was 
visibly test an 
intact portion of the tube remains in the 
end fitting even though we apply no 


external longitudinal restraint. 


Radiation Effects 
We were 


might increase the 


concerned that irradiation 
rate or decrease the 
temperature at which the thermo- 
dynamically unstable 15% cold-worked 
Zircalov-2 goes to the stable 
condition. 1957 we 


enough direct studies at 


annealed 
» have made 
AECL* 
ported by basic studies elsewheret to 
that below 720° F 


does not increase the rate of 


Since 
sup- 
show irradiation 
recovery 
such moderately cold-worked material. 
At 540° F irradiation to 102° n/em? in- 
creases ultimate tensile strength 14° 
vield strength 28% 


when annealed material is irradiated it 


and Moreover, 


hardens: so the annealed condition 


C.W. Perryman 
River Ontario, 1960 
} J. Makin, A. T 
Harries, R. E. Smallman in 
national Conference on the 
Atomic Energy,”’ vol. 5, p 
Nations, New York, 1958 


LECL-1048 (Chalk 
Churchman, D. R 
**Second Inter- 
Peaceful Uses of 
446 (United 





Zircaloy-2 Properties 


Ultimate strength* 
Test psi psi 


Yield point* 


42, 800—49,700 
55,000—62 ,000 


Tensile 51,.200—57,300 
Burst 64,000-—76,000 


* At 630° F after autoclaving in 750° F 


steam for 3 days. 





would never be reached by irradiation 


at such temperatures. 


Corrosion 


Corrosion of the Zircaloy has also 
To verify the integ- 
black oxide we 


four 


been a question. 
of the 
each tube for 
This 


because 


rity protective 


autoclave days in 
570° F 
undue 


represent 
had 


with a 


steam. may 


concern, ve have 
very satisfactory experience 
3.136-in.-i.d. Zircaloy-2 tube of 0.692-in. 
wall that has been in the NRX reactor 
since June, 1957, in water of 520—540° F 
and 1,200—1,500 We hold the 
water pH between 9.5 and 10, and the 
hydrogen content varies between 5 and 
15 em*/kg. We 
tube eight times and found it to be in 
good condition despite Irequent changes 
of fuel (for experimental reasons) with 


psig. 


have examined the 


consequent damage to the surface film. 
fuel 
formed grooves in the tube surface, 
fretting. 


Movement of assemblies has 
and 
two cases of 
Subsequently these regions regained 
their black After 
2'5 vr the outside of the tube retains a 
black-oxide 
jacent aluminum-alloy jacket has been 
corroded by the nitric acid produced by 


the irradiation of the surrounding air. 


we have seen 


covering ol oxide. 


coating although the ad- 
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World’s LARGEST 
producer and fabricator of 


COLUMBIUM 


Wah Chang Corporation produces and supplies 
pure Columbium and Columbium base alloys in the 
form of vacuum electron beam ingots, vacuum 
arc melted ingots, vacuum sintered ingots, 
tubing, sheet, rod, foil and powder 


and fabricated parts. 


ee 


Columbium ingots up to 16” diameter 
weighing up to 5,000 Ibs. are available. 
Pure Columbium’s extremely high 

melting point of 4379°F is solving incredible 

temperature problems encountered in 
hypersonic travel, as well as for nuclear, 

jet and rocket powered-aircraft. 

WCC is also a major producer of Hafnium control rods. 


For technical information, write outlining your requirements. 


WAH CHANG CORPORATION 
233 Broadway, New York 7, N.Y. 


BRINGING TOMORROW CLOSER WITH NEW METALS 


Hf y 4 i e-em 


Leadin 
re 9 HAFNIUM ZIRCONIUM TANTALUM MOLYBDENUM aU lethal” 


Producers and 
Fabricators of: 
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Geheral Kinetics Corp. 





P-K PAUL 
CONTROL VALVES 
OFFER 


PRECISION 
CONTROL 


OF LESS THAN 1% 
OF MAXIMUM FLOW 


RANGEABILITY 
COMPARISON 
CHART 


Rangeability = Ratio 
of Maximum Flow 
(Cv) To Minimum 
Controllable Flow 


P-K Paul Valves 





A—Globe Valves, V-Port Plug 
B—Globe Valves, Contoured Plug 
C—Butterfly Valves 


a 
Tae 
mm 
Se! 
a rie 


ie 


MG 


’ 


Higher Flow Capacity 
Positive Shut-Off 
Non-Turbulent Flow 
Low Operating Thrust 
Self-Purging 


Spray Technique Applies 


Shielding Concrete 


By FRANK C. HUME 
B. D. Bohna & Co., Ltd., 


Spraying is an economical way of 
placing the dense magnetite concrete 
shielding against intense 
This method 


rather than pours the concrete. 


needed in 


radiation new sprays 

The 
process was used for the first time with 
magnetite in the High Level Radio- 
Facility at Hanford. The 


spray method has numerous advantages 


chemistry 


of cost and quality over conventional 
techniques of concrete placement for 
high-density applications 


Application Process 


Pneumatically applied concrete is 


commonly given the trade name 


“Gunite.”” Compressed air traveling 
through a hose carries a dry cement 
and fine aggregate mixture to the face 
that is to be shielded. 
ture leaves the nozzle as a fine high- 


The dry mix- 
speed spray. At the nozzle, water is 
added under pressure to complete the 
mix. In general, the aggregate parti- 
cles travel separately and not as a con- 
tinuous stream between nozzle and 
concrete face. 

Since 


little published data is 
placed 


very 
available on pneumatically 


concrete with magnetite aggregates, 
we had to start from scratch in testing 
this new process and choosing mate- 
rials for the job. After investigating 
various magnetite aggregates and ag- 
gregate-cement mixtures, we settled on 
a fine aggregate (fineness modulus 1.75; 
specific gravity 4.86), the by-product of 


a magnetic separator that was process- 


Vancouver, British Columbia 


ing dredged sand near Boise 


Idaho. 
bly also be found in wide areas of both 
the United States and Canada. 


river 
Suitable material can proba- 


Advantages of Spray 


The the 
process over either conventional pour- 


advantages of Gunite 
ing or prepacked methods are many. 


Among the most important are the 
following: 

Lower final costs. 
records at Hanford show that the final 
costs of the pneumatically placed con- 


with firm 


Our construction 


crete compare favorably 
quoted prices for both conventionally 
and prepacked 


premixed placement 


inethods (see table). The experience 
we gained at Hanford will probably 
result in an additional 15% saving on 
future jobs. 

Faster construction. 
weeks of construction time by using 
Since the 


require the erection of outside forms o1 


We saved ~3 


Gunite. process does not 
form stripping and removal, we could 
start the placement of the concrete as 
had checked the 
reinforcement. In conventional 
placing concrete, work 
other than that with the 
forming or concrete placement seldom 


soon as we inserts 
and 
methods of 


connected 


proceeds from the time of erection of 
completed. 
sub- 


forms until stripping is 
The three 


stantial savings in construction over- 


weeks saved meant 
rentals, 


1,000 per 


equipment 
$500 


head, 
ete. 


insurance, 


This 


represents 





Comparative Costs for 175 Cubic Yards of High-Density Concrete 


Gunite 


(construction records 


Pre pack ft d 


Premix and pou 


quoted prices quoted prices 


Forms $2,493 $9 , 500 $10,500 
Aggregate 18,766 20,500 


Cement 2,611 2,000 


Resistant to Erosion 
and Abrasion 


Kquipment, labor and mis« 32 000 


Write today for 
Technical Catalogue GV101 


, 736 8,500 
2,026 2 OOO 


supplies 
Finishing 





197 SOUTH VAN BRUNT STREET 
Geheral Kinetics Corp. 


ENGLEWOOD, NEW JERSEY 


$42 , 500 


$242 


rOTAI $40,632 $42,500 


Per cubic yard $232 $242 
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} SPECIFICATIONS: 





<6 hulle 





Flarehalelemismer-)ealele(-mielentialele) 


sensitivity over entire cathode 20% 
Cathode luminous sensitivity VAGMUT-WAIllenl =) 
Shock 40 ¢g. 11 tlachale) 
Vale) ¢-helelan 10 g, 25-2,000 cycles 


NEW 9 PHOTOMULTIPLIER 
FROM CBS LABORATORIES 


0 


This new 5” diameter, 10-stage photomultiplier tube, 

Type 7819 (formerly CL-1015), is guaranteed to with- 

stand shock and vibration in each of three planes, as 

specified above. Interehangeable with existing 5-inch, 

10-stage photomultipliers, the 7819 is ideal for seintilla- 

counting, spectroscopy, photometry and flying spot 
ications. 

ocleetron collection efficiency provides ex- 

iniformity of response across the face of the 


This is achieved by the special design of the plano- 


coneave faceplate with S-11 photocathode (visible re- 
sponse) deposited upon the curved surface. 

High linear output current is obtained under pulsed 
conditions as a result of the tube’s special linear dynode 
structure. 

The 7819 can also be supplied with a special face plate 
of low radioactive background glass. 

For complete information on this and other tubes in 
the new photomultiplier line, write to CBS Lapora- 
TORIES, Electron Tube Department. 


RATO R F= HIGH RIDGE ROAD, STAMFORD, CONNECTICUT 
A DIVISION OF COLUMBIA BROADCASTING SYSTEM, INC. 
A iA 





NUCLEAR ENGINEERING 7his article starts on pay 


week depending on the company and Gunite Shield—1,2,3 a 
the dollar value of the job. 

Work can continue on the placed 
concrete much mor quickly than on 
conventionally poured materials, be- 
cause the Gunite reaches 3,000-psi 
strength in only 7 days 

Greater density and strength. 
Gunite provides greater density and 
strength than ean be achieved using 
conventionally placed concrete with 
aggregates of the same specific gravity. 
The U.S. AEC at Hanford ran labora- 
tory tests using 53 standard test cylin- 





ders taken during the placement period 
(6-in. diameter; 12-in. length). The 
follow ing representative values of com- 
pressive strength result from these tests: 
at 3 days, 2,154 psi; at 14 days, 4,193 
psi; at 28 days, 5,180 psi. The ap- 
proximate density of the conerete was 
235 Ib/ft®. Published data indicate 
that good workable mixes of magnetite 


1. ... READY to go; note absence of forms 


aggregate and cement do not con- 
sistently produce densities as great as 
220 I\b/ft® even under laboratory 


When conditions. 


Few voids. Because Gunite is ap- 


| - - 
( ritica I plied as a very fine stream of particles, 


we can watch it very carefully during 


Patiemeseeleseney | | 
placement. We check each layer by 
> fer ere prodding for consistency and check 


2 each nook and cranny before the 
| Bae Oe) he Gs | Om Gunite sets. This means that we can 
eliminate the possibility of voids of any 
kind in a complicated structure or 
shield 

No damage to inserts. The fine 
Gunite spray completely removes the 
chance of damaging or dislocating 
tubes or inserts that are to be buried in 
the concrete Thus, elaborate precau- 
tions to prevent dislocation of inserts 
become unnecessary and costs are 
saved 

Trowel finish. A trowel finish rather 
than a formed finish is used in the 
Gunite process. This trowel finish, 
denser and freer of pinholes than the 
formed finish, is important for surfaces 
that must be decontaminated. 

No heat problem. Heat of hydra- 
tion presents no probl m in heavy-wall 
sections. The Gunite process places 
concrete in thin continuous layers so 
that heat is generated in and dissipated 
from each suecessive laver rather than 


from the large mass 


\ 


FALST 


I ; 


| ; I , ; 
These nvestigations ere carried out by 
ROM COMPANY eee hata ne 
; A p K construct contract with the U. S. Atomic 


» r . ... FINISH is troweled, hence smooth 
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NPD-2, CANADA'S FIRST NUCLEAR POWER STATION, 
DESIGNED AND CONSTRUCTED BY CANADIAN GENERAL ELECTRIC COMPANY LIMITED 


ATOMS ABOVE THE 49” 


Above the 49th parallel, Canadian General Electric is playing a vital role 
in a program of advanced power generation to complement the hydro- 
electric resources of a fast growing country. 

At Rolphton on the Ottawa River, NPD-2, Canada’s first nuclear power 
station is nearing completion and will be commissioned in 1961. 

Designed and constructed by Canadian General Electric Company 
Limited for Atomic Energy of Canada Limited and the Hydro-Electric 
Power Commission of Ontario, this station of 20,000 KWE is designed to 
demonstrate the feasibility of the heavy-water-cooled, heavy-water- 
mode rated type of reactor 

It is expected to be the forerunner of a series of large power stations 
which will generate electricity at costs competitive with fossil fuels in 
parts of Canada 

In addition to the work on this pioneer project, CGE, under contract 
to Atomic Energy of Canada Limited, is currently engaged on the design 
and development of an organic-cooled, heavy-water-moderated reactor 
(OCDR), which also shows great promise of economical application for 
the electrical utility systems. 

Long recognized as one of the world’s foremost designers and manu- 
facturers of hydro-electric generators, Canadian General Electric is proud 
to extend its activities into these advanced methods of power generation 
and to further the use of Canada’s abundant uranium resources for the 
development of economical nuclear power. 


many 


CANADIAN GENERAL ELECTRIC 
COMPANY LIMITED 


For further information write to Manager— Marketing, Civilian Atomic Power Depart- 
ment, Canadian General Electric Company Limited, Peterborough, Ontario, Canada. 


@HPD-2SITE 
C-G-E PETERBOROUGH WORKS ——™* 


NUCLEAR FUEL MANUFACTURE 
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FIG, 1. ATTENUATION GAGE exhibits 
exponential counting-rate-density relation- 
ship over at least one decade 
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Foil on detector 
Foil on source 
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FIG. 2. Sr® CALIBRATION shows that 
source and detector can be adequately 
protected. (H is elevation above floor of 
source and detector; y is azimuth angle 
between source and detector azimuth 
angles) 
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Counting Rate 1, (cps) 
Useful range 


3 
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Uncertainties | o (f)/f } 

FIG. 3. UNCERTAINTIES of counting rate 

and density-distance product as functions 


of counting rate |. Values are computed 
for situation in which 1, = 10‘ cps 


106 


Gaging Gas Density with 
Fast Charged Particles 


By BERTHOLD W. SCHUMACHER 


Ontario Research Foundation, Toronto, Ontario, Canada 


Gas density has rarely been measured 
accurately, mainly because of lack of 
convenient But. re- 
cent studies with charged particles have 


instrumentation. 


shown us how to record gas densities 
nearly all 
the methods 


under cir- 


Moreover 


continuously 
cumstances. 
can be extended to record local varia- 
tions of not only density but also flow 
rates, gas composition and temperature. 

The for these 
purposes are properly adapted beta-ray 


most useful means 


gages. In some situations, however, 
electron beams from cathode-ray tubes 
are better; in others, alpha particles. 
Applications include 15-ft-diameter fur- 
nace flames, supersonic gas jets in a 
rarefied atmosphere and high-vacuum 
measurements at pressures below 10~' 
terr (1 torr = 1 mm Hg). 

For these purposes one can use any ol 
that 
particles pass through a gas: scattering, 
fluorescence. 


several processes occur W hen 


energy loss, ionization, 


Using scattering and energy loss, 
one can build attenuation-type gages. 
fange-ty pe gages can use energy loss of 
alpha particles. Based on large-angle 
single scattering of alpha and beta 
new high-vacuum gages ap- 


With 


fluorescence 


particles, 


pear to be feasible. intense 


electron beams, probes 
have been devised for local gas densi- 
ties; in some situations these probes 
can measure local temperatures, com- 


positions and flow rates. 


Electron Attenuation 


For gas-density measurements in the 
range of atmospheric density, the most 
appropriate method is attenuation of 
beta rays or electrons. 
The first 100-ke\ 
electrons from a cathode-ray tube (7, 
2). Werealized that attenuation works 
even in rarefied gases, for which optical 


accelerated 


investigators used 


interferometers fail (3). In my own 
work I electron 
shadowgraphs of inhomogeneous gas 


obtained (4) and 


have shown how 


regions can be 


investigated conditions under which 


beta sources made of various nuclides 
can be used to measure gas density with 
beam attenuation (4). 

Gages with an arrangement like that 
of Fig. 1 rely on the fact that under 
suitable conditions there is an ex- 
ponential reduction in counting rate or 
electron-beam current: / = /e~* (/ 
counting rate per unit area or current 
density in amp/cm?; @ = attenuation 
coefficient; p= gas density; s = dis- 
tance between source and detector).* 
Fortunately @ can be chosen over a 
wide range by selecting electron en- 
ergy, and with the exception of hydro- 
gen it is independent of atomic number 
The irregular path of the individual 
electrons indicated in Fig. 1 is well 
known from cloud chamber pictures 
(Ja). 

Accuracy. 


tion curves for Sr® (Fig. 2) shows that 


A typical set of calibra- 


souree and detector can be protected 
thick foils without 
significant change in the value of a. 


by rather metal 
This type of gage has operated satis- 
factorily for the past three years on the 
stack of a Linzer-Duesen steel furnace 
(6). 

With increase of gas density or dis- 
tance, counting rate decreases, and 
statistical fluctuations 


first it appears that these fluctuations 


increase. At 


are a great handicap, but when count- 
ing rate is converted to density, it be- 
comes clear that a density change by a 
factor of ten can be covered accurately 
without changing the setup of the gage. 
both o@(1)/I 
a(ps)/ps as functions of J when Jo Is 


Figure 3 shows and 


assumed to be 104 cps (o¢ is standard 
deviation). 
functions shows the relation of one to 
the other. The second of these 
functions has a minimum for / =] 


Superposition of the two 


two 
e/¢ 

(For a detailed discussion see ref. 5.) 
In Fig. 4 are shown the results when 
one uses a linear counting-rate meter 


Here 


and a logarithmic density scale. 


* The exponential law usually does not 


hold when ionization is measured 
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"Van de Graaff * acceierator 
»«» most practical radiation source for 


the solid line shows ps as a function of /, 
for a = 10 cm?/gm and J» = 10* cps. | 
On the plotted curve are superimposed 
values of o(J) for six selected values 


of I. When a(J) is projected horizon- 
tally onto the curve and this projection 
in turn is projected on the horizontal 
axis one gets an indication of the uncer- 
tainty in the density-distance product. 

By plotting particle flux as a function 
of the density-distance product for 
electron beams of different energies and 
beta spectra from different nuclides, 
one can find the ranges over which 
electrons are suitable as gas-density 
probes. Radioactive sources are avail- 
able for maximum density-distance | 
products from 6 X 10-4 to 1 gm/em?, 
For small values of the density-distance 
product electron beams are more con- 
venient than beta rays because they 
offer greater intensities. The lower 
limit for attenuation gages appears to 
be ~10-* gm/cm?. Interesting appli- | 
cations of the attenuation method are | 





to transient phenomena in shock waves | 


and supersonic low-density gas flow! (ir: : 
7, 8). 12-Mev Tandem Van de Graaff extends precision nuclear research to the binding 
An essential difference between the| energy range of heavy nuclei. (Chalk River Laboratory, Atomic Energy of Canada, Ltd.) 
two types of sources is the behavior of | 
the attenuation curve near the end of This versatile instrument produces precisely controlled beams of all 
therange. For a monoenergetic source particles and radiations encountered in reactor work in the range 
of 150 kev, the I/I» value at the end of 0.4 to 12 Mev. Permits reactor development and study programs at 
the range is 4%». For C™ beta rays any budget level. Used by laboratories throughout the world for 
150 kev max. energy), we find that research in: 
[/Io i8 Mooo (4). One consequence RADIATION EFFECTS Synthesis of reactor effects under accurately con- 
appears to be that when soft or hard trollable conditions. 


CROSS SECTIONS Precise cross-section data with monoenergetic 
neutrons. 


REACTOR KINETICS Pulsed neutrons for investigations of critical and 
sub-critical assemblies. 


ACTIVATION ANALYSIS Simple, rapid 
quantitative trace determination for evaluation 
of reactor materials 


oa 


NUCLEAR PHYSICS Fundamental data 
regarding nuclear structure and particle 
interactions. 


X-RAY INSPECTION Precision radiog- 
raphy to meet rigid requirements of reac- 


tor industry. oN verte —/ 


For Details, ask for new Positive Ion Bulletin. 0.4-Mev Model AN-400 Van de Graaff 
for reactor research and engineering 
training. Prod ae ae r 


ous neutron beams to 10" n/sec 
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Counting Rate, I ( 10° cps) 
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FIG. 4. DENSITY-DISTANCE PRODUCT as| OLTAGE ENGINEERING 


function of counting rate when meter is | : CORPORATION _ 


linear and density scale is logarithmic. | . BURLINGTON, MASSACHUSETTS « U.S. A. 
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rays are magnetically selected 
very little is 
gained for gaging purposes. 

In the scattering field of an attenua- 
tion gage obtain shadow- 
graphs in a very simple way (4, 9, 10). 
The procedure is similar to that of tak- 
ing X-ray pictures except that the at- 

|tenuation coefficient of, say, 6 kev 
|electrons is many times higher than 
~_ of X-rays. 
at 2 torr can be 
In that range of density the most sensi- 
tive optical interferometers would fail. 
limita- 
| tions of the shadowgraph method are 
due to the mutually exclusive require- 
|ments for contrast and depth of field. 
| Because of the low contrast we can not 
After the 
shadow- 


beta 
|from any single nuclide, 


one can 


Thus even a gas jet 
shown as a shadow. 


As in X-ray radiography, the 


loffer a good reproduction. 
limitations of the electron 
graphs were roughly explored (4), w 
looked for a still better method and de- 
| vised the fluorescence probe. 


| Alpha-Range Gages 


Since alpha particles are not appreci- 
ably scattered, their energy loss must 
| be measured if they are to be used in a 
gas-density gage. The simplest way 
to do so is to measure their residual 
ionization, which is the method used by 
Schopper and Knapp (8) in a ther- 
this effect. The 
essentials of this gage are shown in 
Fig. 5. At atmospheric density it de- 
tects relative changes of 1.5 « 1073 
(+0.5° C) with a time constant of 10-? 
sec, 

Because measurements are 
more complicated than straight particle 
counting, I suggested several 
versions of an alpha-particle gage re- 
(11). In 
example (as unbuilt), 
Fig. 6, smaller gas density will make 
the energy of the alpha particles greater 
when they approach a wedge in front of 
a G-M counter. Thus more particles 
will penetrate this wedge as gas density 
is reduced. One can get the same 
effect from a thick alpha source from 
which particles are emitted with a 
spectrum of energies (11a). 

The alpha-particle 
ready been used for measurements on a 
flame (12) and in a set of experiments 
that compared stopping power in gases 
with stopping power in and 
liquids of the same composition (13). 


mometer based on 


energy 
have 
counters one 


quiring only 


yet shown in 


method has al- 


solids 


Fluorescence Probes 


Whereas beam attenuation can only 


Residuol- 


Working zone 
~ ionization zone 














Gauze 
onizotion 
chamber 


Cylindrical alpha 
‘source (Po) 


FIG. 5. THERMOMETER using gas atten- 
vation is sensifive to 0.5° C and has time 
constant of 0.01 sec 


Alpha 
source 











|p 
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lonization chamber or ' 
G-M counter 


FIG.6. ALPHA-RANGE GAGE uses wedge 
to make counting rate sensitive to gas- 
density changes around it 


Single scatter 


G-M 
) counter 





r= 
ce 


Primary radiation 
cone Gas sample 


FIG. 7. FLUORESCENCE GAGE in wind 
tunnel observes glow from gas excited by 
a confined electron beam electrons. At 
right angles to electron beam is window for 
observation and photography 


provide us with average values of gas 
density 
often wants local values. 


integrated over a path, one 
time 


a fluorescence 


Some 
ago we confirmed that 
probe—a confined beam of electrons or 
ions causing fluorescence in gas through 
which it passes 


can give us not only 


local gas densities but also local flow 
speeds, compositions and temperatures 
(14). Beams 


usually too weak for this purpose 


radionuclides are 
, but 
an electron beam from a gun that has a 


from 


dynamic stage as an exit is 
readily applied (9, 14a). 

In cooperation with the Institute of 
of Toronto, 
we used an arrangement of this kind in 
a low-density wind tunnel (Fig. 7) (15). 
Our purpose was to study feasibility of 
local-density determinations in super- 
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1. Designed specifically as a nuclear fuel manufacturing 
plant, the AMF Atomics plant is a steel frame and 
masonry building with a 50,000-square-foot area. 


2. Inspection of extrusion-clad nat- 3. A materials testing laboratory aids in the de- 
ural uranium flat plates for NRU velopment of power reactor elements. 
reactor at Chalk River. 


2 
| | 
4 F 
3 


4. Fuel elements produced by AMF: (1) Sectioned 5. Cladding NRU flat plate 
NRU element; (2) Sectioned NRX element; (3) cores with aluminum by 
Power reactor element consisting of UO, pellet-filled owt capvend 
Zircaloy tubes; (4) Single Zircaloy tube; (5) UQO:- a a ee 
filled, aluminum-clad element; (6) CANDU fuel 
bundle; (7) UOs. pellets in stages of production. 


4 
| 
| 
’ 
o% ¢ 
{ 


6. This machine automatically forms 7. Furnace for development of ceramic fuel 
precision ceramic UO; fuel pellets. firing cycles operates up to 3000°F. 


AMF Atomics 
Canada Limited 
A fully integrated 
nuclear fuel facility 


At Port Hope, Ontario, is Canada’s 
largest, privately owned nuclear fuel 
plant. It was specifically designed and 
built to make possible complete inte- 
gration and coordination of all activi- 
ties relating to development and 
manufacture of fuel for both research 
and power reactors. This is AMF 
Atomics Canada Limited. 


Three years of achievement 


Here, in part, is AMF Atomics Can- 
ada’s proud record during the three 


years it has been operating: 


1958: Production operations under 
way on fuel for the NRX and NRU 
reactors at Chalk River, owned and 
operated by Atomic Energy of Can- 
ada Limited. AMF’s operations in- 
cluded a unique direct extrusion 
process for aluminum cladding of 
NRU fuel elements. 

1958: AMF Atomics Canada entered 
contractual agreement with Eldorado 
Mining & Refining, Ltd., to supervise 
processing, inspection, and health 
physics programs, plus assumption of 
accountability for CASTING and ROLL- 
ING of metal. 

1958: AMF entered long-term con- . 
tract with A.E.C.L. to develop designs 
of UO, Zircaloy-clad power reactor 
fuel elements and manufacturing 
techniques. Equipment for full-scale 
production was subsequently in- 
stalled. AMF can now supply the en- 
tire Canadian power program, as well 
as needs elsewhere in the world. 
1959: AMF fabricated core loading 
for ZEEP low power reactor at Chalk 
River, using ceramic UO, pellets. 
1959-60: AMF became associated 
with the CANDU program, the first 
commercially-sized Canadian power 
reactor (200,000 KW electrical). AMF 
produced prototype elements under 
long-term contract to A.E.C.L. 

AMF awarded first commercial con- 
tract for fabrication of fuel for JRR-3 
reactor by Japan Atomic Energy Re- 
search Institute. 


AMF ATOMICS 
CANADA LIMITED 


Port Hope, Ontario 
Canada 
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Experience, performance 
across the board 
...across the world 
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NEW PROFESSIONAL GROWTH OPPORTUNITIES for 
PHYSICISTS, SCIENTISTS, 
ENGINEERS, (metaiiurgical, Chem., Mech.) 


sonic flow using a confined electron 
beam of approximately 60 kev and 200 
amp. If spectral lines that have no 
afterglow are selected, light output 


‘baw 


330-1 REACTOR—With a 


w«GLOSED CYCLE 


WATER NUCLEAR 


POWER PLANT” 


reactor vessel and closure head 


weighing 418 tons, standing 41 feet high and having a 12 foot 
ID, the engineers and scientists at the Commercial Atomic Power 
Department visualize a power system that can produce 360 gross 
electrical MW. This is the scope of planning now in progress at 
APD. You can take part in this or other phases of the rapidly 
expanding commercial nuclear power field where your talent can 
be applied to the problems of making nuclear energy competitive 


with other forms of power. 


Scientist-Engineer—To analyze 
transient conditions in nuclear reactor 
systems; development of equations 
describing the nuclear thermal and 
hydraulic conditions within system 
components. Should have several years 
experience with analog and/or digital 
computational techniques. B.S. or M.S. 
in Engineering, Physics or Mathematics. 


Engineers —To plan, direct installa- 
tion and shakedown operations of en- 
vironmental loops for testing facilities. 
B.S. degree in engineering, with mini- 
mum of two years experience on in-pile 
loops or high pressure test facilities. 


Scientists or Engineers — To plan, 
conduct and interpret radiochemical 
experiments associated with induced 
and transported radioactivity in nu- 
clear plants and consult on problems 
of a radiochemical nature. B.S. degree 
in Chemistry or Chem. E. with mini- 
mum of three years related experience. 


Engineer—For mechanical design of 
primary loop components such as: pres- 
sure vessels, piping, pumps, valves and 
heat exchangers for a nuclear plant; 
with particular emphasis on mechan- 
ical and thermo stress analysis. B.S. 
M.E. degree with experience in similar 
or related fields 





If you can visualize your professional growth in an atmosphere of scientific 
investigation, write to: Mr. C. S. Southard, Westinghouse Atomic Power 
Division, RO. Box 355, Dept. X-30, Pittsburgh 30, Pa. 


Westinghouse 


ATOMIC POWER DIVISION 
FIRST IN ATOMIC POWER 


along the beam is proportional to gas 
density. Light output is not affected 
by flow, and calibration is linear at 
pressures smaller than ~1 torr. Cali- 
bration for higher pressures is possible. 
Gruen has made studies of absolute 
fluorescence yield (16). 

The practical low-pressure limit for 
fluorescence probes in air is ~10~° torr. 
These probes can be used (at night) to 
measure air-density profiles around a 
high-flying aircraft in free flight. 

One can also make use of the after- 
glow, which is particularly prominent 
in some gases excited by a discharge 
(nitrogen is an example). Afterglow 
is carried away by fast flow, and since 
excitation by our confined beam is re- 
stricted to a narrow region (diameter 
~0.5 mm), length of the afterglow vane 
is a measure of flow speed (see Fig. 8). 
We can probably increase the accuracy 
of these flow measurements if we pulse 
the exciting beam and use stroboscopic 
observation (14). This eliminates the 
need of knowing the decay constant 
and other parameters of afterglow. 

Gas composition is revealed by 
spectrographic analysis of luminescence. 
In contrast to an electric spark, an 
electron beam of, say, 20 kev excites all 
Gruen has demon- 





|}gas components. 
| strated the method qualitatively (17) 
| If the trace of an electron beam like 
| that of Fig. 8 is imaged on the slit of a 


| spectral line is a picture of the trace. 


spectrograph parallel to the beam, each 


|Gas composition in or near a gas jet 
(including products formed in the 
electron beam itself) may be different 
from that This is 
| apparent in the resulting spectrograms. 
| One can also deduce local gas tem- 
perature from the band structure in the 
| usual way. In the spectrogram tem- 
| perature differences between gas in the 
| jet and that of surroundings are clearly 


in stagnant 


gas. 


lindicated; jet gases are colder than 
those around them because of their 
expansion as they enter the chamber; 
hence the higher energy levels of the 
band are not excited and do not show. 
Since both jet gases and surrounding 
ones are under the same pressure, the 
lower temperature in the jet produces 
increased gas density. This increased 
density is revealed by greater luminous 





jintensity of those spectral lines not 
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2S} tyes of 
SAFETY ENCLOSURES 


for handling hazardous substances 


VACUUM 
DRY BOX 


for work in con- 
trolled atmosphere 
¢ sloping front « 
round autoclave- 
type air lock. 





Safety is the first consideration in this newly-designed 
stainless steel laboratory equipment. These enclosures 
make it safer—and easier—for the technician to work 
with contaminants, micro-organisms, live viruses, in- 
fected animals, poisonous and radioactive substances. 
Stainless steel constructed with crevice-free surfaces, 
generously rounded corners, for easy cleaning and de- 
: contamination. Write for illustrated folder describing 

we 22 different kinds of enclosures. S$. BLICKMAN, INC., 
JERPBAK BAYLESS 7910 GREGORY AVENUE, WEEHAWKEN, NW. J. 


34150 Solon Rd. 
Cleveland 39, Ohio 








UNITIZED 
ENCLOSURES 


‘7 Low in cost « 
a" % Stainless steel 
« Modular 
construction 
7 e oy o adapts to many 
| j 
{ 
/ 





uses. 
CONTAMINATION PROOF METAL FINISHING OF 
“HOT” NUCLEAR AND TOXIC MATERIALS IS A SAFE, 
SIMPLE, ECONOMICAL MATTER VIA HYDRO-HONE 
BLAST EQUIPMENT. 


} Field tested installations 
hove proven Hydro- 
Hone's ability to pro- 
* vide hermetically sealed CALIFORNIA-TYPE 
is ; : 1?) wet/dry blast equip- FUME HOOD 
i i z EB SEF CERRS SRE te For handling radioac- 
tamination proof inter- tive materials » dual- 


oe lock chamber for safe sided for double oper- 
loadi and unloadi ation. 


| | eae of ports for removal of 
fm a @ : Pa oxides, heat treat scale, 
' deburring, controlled 


| micro-finish condition- 
ing, etc. Stainless steel 
disposal cart enables : 
quick, easy removal of A) oats 
alae aadicalies | Bi MICRO-BIOLOGICAL 
proof models are avail- a SAFETY CABINET 
able in four standard Back or top mount- 
sizes. ing of biological fil- 
; F $ ter canister + air 
lock if wanted. 














For expert technical assistance with your metal finishing problems, 
dial SPruce 3-4982, or write: 


wg Ky orRo-HoNe|BLICKMAN SAFETY ENCLOSURES 


Look for this symbol of quality REESE 
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abbreviations covering 
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these fields—from _ tele- 
vision to avionics, from 
nuclear engineering 
space electronics. 
questions of terminology 
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work, you will find here 
the concise information 
you need—clearly  pre- 
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fined, and instantly ac- 
cessible, 
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affected by temperature. Only these 
lines can be used for density probes. 


Back-Scatter Gages 


One company is designing high alti- 
ies altimeters using the back-scatter- 
ing of beta rays by gas (21). The main 
the geometric ar- 
rangement of source and detector possi- 
ble with this system. The low-density 


advantage is neat 


limit is determined by the noise of the 


This is the principle weak- 
back-seatter gage. The 
particles when scattered backwards by 


detector. 
ness of any 
multiple collisions loose most of their 
initial energy which, to achieve high 
sensitivity, is kept low. A gage using 
a source of 4 me Pr-147 and a scintilla- 
tion detector has worked well at a pres- 
sure of 25 torr (~66,000 ft altitude). 


Single-Scatter Gages 


For densities smaller than the low- 
density limits of back-scatter gages and 
can use single- 
scatter gages in which one counts parti- 


fluorescence probes one 
cles scattered by a small angle only 
once. I have suggested a system that 
could probably measure densities at 
pressures as small as 10~* torr corre- 
sponding to an altitude of 200 miles 
(18). 
venient radioactive 


One could probably use con- 
sources and elimi- 
nate the need for electron guns. 

One of the arrangements I have pro- 
posed consists of an alpha- or beta-ray 
source, limiting apertures for the beam, 
and a detector so arranged that in a 
perfect the beam 
particles can reach the detector; count- 
ing rate When gas 
molecules are present, some particles 
would be scattered into the detector; 
rate would increase with 
The particle energy is close 


vacuum none of 


would be zero. 


counting 
density 


FIG. 8. AFTERGLOW reveals flow speeds 
Spectroscopy permits 


in wind-tunnel jet. 
one to see it or ignore it 


mhignh- vacuum 
electron gun(l0-I00 kev) 








Gears 


=0.00!-1mm Hg 


Nozzle 














FIG. 9. HIGH-VACUUM GAGE would be 
rugged and independent of gas flow 


to the one at the source, and detection 
with discrimination against background 
is easy. Some single-scatter systems 
have already been built with electron- 
optical systems under dark-field condi- 
tions (19, 20). 

I have also suggested 
single-scatter principle in a 
vacuum gage (18). Such a 
would be the first alternative to the 


using the 

high- 
system 
ionization gage, notoriously unreliable, 
or the Knudsen gage, 
instrument. The gage 
just a radionuclide source 
alpha- or beta-particle detector will be 
very rugged and independent of gas 
flow and temperature. Only by ex- 
periment can this be demonstrated and 
a practical working gage developed. 


a very delicate 
consisting of 


and an 
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Chalk River engineers are now testing 
this type of United hermetically 
sealed vaive, shown here in a typical 
installation. 








NOW! A Complete Line of Hermetically Sealed Valves 
from United APD 


FLEX TUBE 
UPPER BEARING SLEEVE 





@ Designed for pressurized water 

@ Uses United Harmonic Drive 

@ Tested and proven in diverse media 

@ Designed to naval and commercial specifications 


Here is an advanced line of hermetically sealed valves — 
now commercially available in 4%”, 1” and 2” sizes. 

This design is proving itself in leading installations such as Chalk River and 
others; and field trial programs are demonstrating the valve’s suitability for 
heavy water, radio-chemicals, helium, thorium oxide slurries and 
other difficult media. 

These hermetically sealed valves use the principle of United Harmonic Drive, 
providing a number of important advantages for nuclear applications. . . 

Packless, with zero leakage to atmosphere 
Immediate, continuous access to plug position 
Can be mounted in any attitude 

Manual or motorized operation 

The diagram at left highlights the many advanced features. Sizes now 
available are 4”, 1” and 2”, with larger sizes and other configurations 
available on request. 

Specify these United hermetically sealed valves, now, for the greatest degree 
of positive containment of fluid media. Send for catalog. A nuclear 
engineering staff is available for special problems. United Shoe Machinery 
Corporation, Atomic Power Department, Beverly, Mass. Address overseas 
inquiries to: International Division, 140 Federal Street, Boston, Mass. 
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United Shoe Machinery Corporation 


ATOMIC POWER DEPARTMENT 
BEVERLY, MASSACHUSETTS 





Model 8590 


Ae off 
“FAST! 


HAWS SAFETY SHOWERS 
send torrents of rushing water 
from all angles — washing away 
dangerous irritants in a hurry! 
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streams from 10 adjustable noz- 
zles drench victims in seconds. 


You can depend on HAWS for 
the instant, positive first aid so 
vital until medical help arrives. 


This “Safety on tap” can mean 
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Industrial Tracer Applications 


in Canada 


By GEOFFREY G. EICHHOLZ 


Department of Mines and Technical Surveys, Ottawa, Ontario 


Radionuclide-tracer have not 


uses 


| grown as rapidly throughout the world 


as the more sanguine predictions of the 
early postwar years suggested. Rea- 
sons for this are apparent from Cana- 
dian industrial experience, too. More- 
certain special problems have 
arisen in with Canada’s 
emergence in the past two decades from 


connection 


the status of a raw-materials producer 
to the position of a significant industrial 
One such problem is the tend- 

much of the research and 
work to be done by 

companies” in the United 
Great Britain, and elsewhere. 
opportunities, still 
exist in our industries for applying and 


power. 


development 
‘parent 
States, 
Ample however, 
extending the use of tracers. 

In contrast to the reluctance of 
industries to accept tracer techniques, 
the medical and biological professions 
make 


in Canada widespread use of 


radionuclides..* Medical ‘science is vi- 
tally dependent on the use of the most 
modern techniques in its search for new 

Thus, it en- 
diagnosis and 


tools to combat disease. 
lists 
treatment. 


radionuclides for 


Why Slow Development? 


capital investment in plant 
inherent 
sense of conservatism frequently dis- 


Large 
facilities coupled with an 
existing 

Wide- 


spread use of radioactive materials for 


courages attempts to change 
processes in Canadian industry. 


test purposes in metallurgical plants 
has also encountered obstacles from an 
overly cautious interpretation of food 
drug laws. A further deterrent 
has been the unreasonable emphasis 
given in many publications to problems 
surrounding safe handling of radio- 
nuclides. By implying that heavy 
capital expenditures are necessary be- 
fore radioactive tracers can be used, 
such articles many in- 
dustrial managers away. 

of these deterrents, 
companies in Canada 


and 


have scared 


few 
have 


In view 
private 


| engaged in industrial tracer activities. 


Most of the work in the field is carried 
out with the assistance of two Canadian 
Government agencies, the Commercial 
Products Division of Atomic Energy of 
Canada Ltd. and the Mines Branch of 
the Department of Mines and Techni- 
cal Surveys. The bulk of such tracer 
work is handled by the Mines Branch, 
which, not being a commercial organiza- 
tion, is able in the 
tracer field at nominal cost. Private 
firms that have entered the industrial 
radiation field have confined 


to assist industry 


usually 
themselves to instrumentation devel- 
opment (particularly radioactivity den- 
sity thickness gauges) 
industrial radiography with portable 
radioactive full poten- 
tial of tracer techniques in Canada, 
as elsewhere, realized until 
approach to 


and and to 


sources. The 


will not be 


there is a more realistic 
the employment of radioactive mate- 
industry. This 
nonsensational explanation of the com- 
and the type of tests 


nonlaboratory plant 


rials in requires a 
mercial benefits 
feasible under 
conditions. 


Industrial Tracer Work 


A general survey of Canadian appli- 
cations of radioactive materials 
presented by Spinks (/) in 1958. 

Since considerations of public safety 
make 
rials in unsealed form undesirable for 


was 


routine use of radioactive mate- 
continuous manufacturing operations, 
most tracer 
have been batch tests done only during 
special investigations of operating con- 
An exception is the labeling 


applications in Canada 


ditions. 
of copper balls with Ag''® to facilitate 
inspection for their inclusion as gas 
checks in the assembly of ammunition 
shell primers (2). The method was 
employed after tests had 
established that with special handling, 


separate 


storage and disposal of shells, no health 
hazard existed. 

Analytical chemistry is a field of 
considerable industrial interest in which 
radioactive used. 
Jarvis of Chalk River and the Univer- 


October, 1960 - NUCLEONICS 


tracers are widely 





NEW TECHNIQUES PROMISE ECONOMICAL ATOMIC ENERGY IN CANADA 


Production and process research of many 
Canadian companies are paving the way 

to economical nuclear power for Canada’s future. 
Thompson Products Limited, St. Catharines, 
Ontario, is typical of these. 

Long recognized as a major supplier to the 
automotive, aircraft, mining, and electronics 
industries, Thompson has now directed 

its research and engineering talent to the 
manufacture of low-cost high quality 
Zirconium fuel tubes for nuclear reactors. 
Using new machines and processes Thompson 
engineers are now developing a method 

of manufacturing fuel tubes which will 

make a major contribution to the production 
of high quality fuel elements at lower cost. 
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sity of Toronto has worked on activa- 


| tion analysis of zirconium alloys and 


other metals (3), and Faye and Inman 


| at the Mines Branch are developing 





an tne emai 


eRe ee eee eee 


eas 








| (8). 


analytical procedures for niobium and 
tantalum 
iridium 


(4) and assay procedures for 
other 
extraction of tho- 


and 
The 


rium and rare earths from uranium ores 


silver, precious 


metals (5, 6). 


using ion-exchange columns has been 
studied by Lewis and Ingles (6a), who 


| employed Eu'®? and La’ as tracer 


nuclides. 
Metallurgy. 


tadioactive tracers 


have been used in a variety of Labora- 


tory studies of interest to the metal- 
Notable the 
experiments on grain-boundary segrega- 


lurgical industries. are 
tion of trace impurities in pure zinc and 
aluminum samples by Weinberg at the 
Mines Branch (7) and Chalmers and 
Winegard at the University of Toronto 
Investigations on exchange proc- 


| esses between pure metals (particularly 


zinc and silver) and their ions in 


aqueous solutions, important in corro- 


| sion studies, have been conducted at 
| the Mines Branch by Sandor (9, 10). 


| Eichholz 


Roberts 
other surface reactions, with emphasis 


and have studied 
on those of interest in flotation proc- 
esses (10a). These reactions are cur- 
rently being investigated further at the 


Mines Branch. 


determine the precise surface areas of 
coarse metal powders employed in the 
bomb-reduction production of special 
like 
These methods include measurements 


metals uranium and zirconium. 
of surface areas of coarse magnesium 
the 
former, the absorption of Cr®! (11) and 
C-labeled (12) 
mined, and in the latter, 
used. 


and uranium-oxide powders. In 


is deter- 
P32 (13) is 


oleic acid 


Flow Rates and Contact Times 


Two tracer-application fields of par- 
ticular interest in Canada are measure- 
ment of flow 
and measurement of wear and grinding 


rates and contact times 


rates. 

Radionuclides are well adapted to 
tracing flows of coarse and fine particles 
installa- 


through complex industrial 


tions (14). They are widely employed 
for checking flow conditions in pipe- 
lines and water streams. Less known 
is their use in detailed investigations of 
flow conditions and intricate particle 
motion. 

The following are some of the Cana- 
dian investigations carried out in this 
field: Mason et al. at the Pulp and Paper 

Institute conducted flow 
Fourdrinier machines 


Research 
tests on paper 
using I'*! as the tracer (15). They also 


studied the removal of lignin from wood 


The Branch has recently developed in commercial sulfite-cooking proce- 





various radioactive-tracer methods to dures. In another experiment, using 


IDEAL FOR 

SEMI-CONDUCTOR METALS 

Our unique process enables us to sup- 

ply semi-conductor quality VITREOSIL 

‘to close tolerances in crucibles and 

= fabricated shapes. Write us 
your requirements. See our ad 
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Nontracer Radiation Applications in Canada 


In addition to the radiotracer applications discussed in the accompanying 
article, Canadians have made substantial contributions to the field of radiation 
applications. In the medical field not only is the Commercial Products Division 
of Atomic Energy of Canada Ltd. the world’s leading supplier of cobalt-60 
beam-therapy units but such Canadian institutions as the Ontario Cancer Insti- 
tute (and the associated Princess Margaret Hospital, devoted entirely to radi- 
ation therapy) have evolved techniques for their use. The Institute’s Physics 
Division, led by H. E. Johns, has been active in all phases of radiation physics 
including such new areas as the detection of free radicals in biological materials 
using electron-spin resonances. 

At the Defense Research Chemical Laboratories in Ottawa, research includes 
the electrochemical effects of ionizing radiation and the prospects for using 
these effects to build (a) an electrochemical radiation dosimeter and (b) an 
electrochemical converter of radiation energy into electrical energy. 

Radiation chernistry is represented by the fundamental studies of P. J. Dyne 
and collaborators at Chalk River on the radiation chemistry of water and such 
workers as A. Back at McGill on the radiation chemistry of radiocarbon gases. 

Radiation-improved products are represented by the work that AECL-CPD 
has done in collaboration with various of its customers. In particular, R. J. 
Richardson has improved the water-resistance of nylon tenting fabrics by 
means of radiation-grafting. Some of this work will be reflected in articles in 
forthcoming issues of NUCLEONICS. 





SPECTROSIL 


FOR HYPER-PURITY IN 
SEMI-CONDUCTOR WORK 





THERMAL AMERICAN 
FUSED QUARTZ CO., INC 


18-20 Salem St. Dover, N 











October, 1960 - NUCLEONICS 





simulated wood chips containing radio- 
active lanthanum and following their 
path through the machines with arrays 
of G-M counters, Tolmie and Churchill 
movement of wood 
chips through large digesters (16). 
Flow of ore particles and specific rea- 


investigated the 


gents in leaching-circuits had been fol- 
lowed through linear series of leach 
tanks (17), closed circuits (18) and 
flotation circuits (19). This work has 
indicated how short-circuiting and ex- 
cessive recycling can be avoided in the 
tanks and cells. Simi- 
a number of tracer tests have 
been done the 
times of charges in furnaces and kilns 
Tests 


yielding valuable information on fur- 


design of such 
larly, 
to determine residence 
used in metallurgical processes. 


nace operations range from iron-ore arc 
smelting (20) and copper smelting to 
the kiln roasting of titanium ore (21). 

Such tests brought out the confusion 
that surrounds the interpretation of 
the “contact time” (or “‘resi- 
dence time’”’ as it is sometimes called*). 
Conventional engineering practice de- 
fines residence time simply as the ratio 
of the volume of the system to the flow 
rate. This definition applies properly 
only to perfect streamline flow and does 
not take into account any mixing or 
recirculation. This discrepancy can 
be seen by comparing Fig. 1, obtained 
in a rotary-kiln test (21), with no tracer 
dispersion, and Fig. 2, which shows the 
experimental results obtained in a 
tracer test on a smelter with complete 
and rapid dispersion of the tracer (19). 
Clearly the term “residence’”’ time can- 
not mean the same in both situations. 
In the first, the time elapsed between 
the insertion of the tracer material into 
the kiln and its ejection at the dis- 
charge can be described as its residence 
time though its metallurgical 
effectiveness might have been increased 
by greater dispersion. In the second 
the discharge of active material 
law. The time 
interval between insertion of the tracer 
moment of maximum rate of 


term 


even 


case, 
follows a logarithmic 
and the 
discharge is not the same as the average 
time that a portion of the tracer spends 
in the In this case, the mean 
residence time is derived from the slope 
of the logarithmic time plot. 
Between these extremes there can be 
limited dispersion of material flowing 
through the system, and the residence 
can be derived by a comparison 


vessel. 


time 


*In this discussion, the terms residence 
time and contact time are used inter- 
changeably; the appropriate term for a 
given system is usually self-evident. 
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How Dispersion Affects | 
Tracer Flow, Residence Time | 
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FIG. 1. COMPLETE DISPERSION of tracer | 
results in exponential decay of counting | 
rate with time as tracer is eliminated from | 
system. Here mean residence time is best | 
derived from slope of exponential decay. | 
Ag'!® tracer measured at outflow in test of | 
kiln production of Al,O; 


Residence time 
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FIG. 2. NO DISPERSION results in tracer 
being eliminated in one slug. Here resi- 
dence time is best defined as time from | 
injection of tracer (4 P.M.) to its ejection at 
the discharge (8:20 P.M.). Ag'!° used as | 
tracer with coarse samples in smelter test 


plots of | 


of linear and logarithmic 
discharge activity. Such a resi- 
dence-time determination provides 
information on mixing and dispersion 
conditions as well as bulk movement 
of material. 


Wear and Grinding Rates 


Tracer techniques are applied to 
the study of tool wear and operating 
wear of bearings. These tests have 
usually involved the irradiation of a} 
single important part, such as a piston | 
ring, and a determination of its gradual | 
loss of activity or the of | 
active material in the lubricant. 

Tracers have also been used to deter- | 
mine the wear rate of grinding balls | 
of different compositions under oper- 
ating conditions in a large ball mill (22) 





appearance 


Conclusions 


This has been necessarily 
somewhat cursory, but it has aimed at 
demonstrating how valuable industrial 
information can be obtained by rela- 


review 
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Air 
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The AM-33R is First to Provide 
Direct \dentification 
of Long Half-Life Emitters 


Due to natural radon progeny, identifica- 


| tion of long half-life emitters with ordinary 


monitors means a delay of five hours 
or more, and requires multiple detectors. 
Now, with the new AM-33R air monitor, 
the presence of these emitters can be iden- 
tified directly, and almost immediately— 
with a single detector. 
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tively simple and inexpensive tests with 
radioactive tracers. While there have 
been gains, the full potential of the 
radioactive tracer method will not be 
realized until there is a more realistic 
an important aspect of approach to the employment of radio- 


—_— active materials in industry. This 
scientific progress ‘ Penn. ‘ 
requires further, nonsensational ex- 


at Los Alamos planations of commercial benefits and 


tests feasible under plant conditions. 
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fundamental physical processes in- 
volved. The aspects being studied are 
those associated with present or poten- 
tia! limitations on the fuel-element de- 
sign in the belief that a better under- 
standing will allow a more economical 
or more efficient design. A knowledge 
of the temperature distribution and the 
factors that affect it are basic require- 
ments in any such investigation. 

UO, thermal conductivity. Ross 
(28) has shown that the thermal con- 
ductivity of sintered UO, is not depend- 
ent on the porosity in the manner gen- 
erally accepted (see Fig. 6) and has 
indicated that the shape of the pores 
is important. He has also shown (Fig. 
6) how oxygen in excess of the stoichio- 
metric composition decreases the 
conductivity at low temperatures, 
probably by the introduction of low- 
conductivity U,Obs. 

The effect of irradiation on the con- 
ductivity of UO, has been studied by 
several methods: using thermocouples 
during irradiation, observing structural 
changes due to irradiation, and conven- 
tional determinations on irradiated 
pellets, with and without subsequent 
annealing. The results are summarized 
in Fig. 6. The “hydraulic rabbit” in 
NRX (11, 14, 33) provides a technique 
for measuring the effect of additives on 
UO, thermal conductivity under irradi- 
ation. For example, 4 mol% Y.0Os 
provides no benefit (34) despite earlier 
hopes (35).* 

Fuel-sheath interface. The greatest 
uncertainty now lies in the fuel-to- 
sheath temperature drop. In most 
practical fuel-element applications, 
there is an interfacial pressure of about 
100 atmospheres between the two. 
Until recently, however, there has been 
no experimental determination of heat- 
transfer coefficients between metals and 
ceramics for this order of pressure. 

Early results by Ross (36) have 
shown that the advantage gained by 
substituting helium for argon is small, 
presumably because of the smaller ac- 
commodation coefficient of the former 
(87). The same conclusion had been 
drawn (14) from a comparison of 
helium- and argon-filled irradiation 
specimens. 

Mechanical properties. Since an 
operating fuel element represents an 
equilibrium condition between the ther- 


* See, on p. 6, the communication from 
R. M. Powers for detailed comment on 


Y:0; additive. 
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mal expansion of the fuel and the re- 
straint imposed by the sheath and 
coolant, any stress analysis requires 
knowledge of the mechanical properties 
of both fuel and sheath. 

Tensile tests (38) have shown how 
the strength of Zircaloy-2 is increased 
by neutron irradiation. Hydrogen, 
when precipitated as hydride, embrit- 
tles Zircaloy but has very little effect 
on the tensile strength. Little is known 
of the relevant properties of UQ:, be- 
yond that it is appreciably plastic at 
2,000° C as shown by its movement into 
the end-face dishing of pellets (4); the 
University of British Columbia is in- 
vestigating the deformation behavior 
of UO: at high temperatures. 

Fission gases. The pressure exerted 
on the sheath by the fission gases is a 
complicated function of many varia- 
bles. Although much has been learned 
(13) concerning how the O:U ratio of 
the uranium oxide and the microscopic 
structure of the sinter affect diffusional 
release, the roles played by grain 
boundaries and free surfaces are not 
established. That rare gases are driven 
into UO, during irradiation has been 
proved by the presence of natural iso- 
topes of the gas in samples collected 
from dissolved fuel (39). However, a 
reliable estimate of the magnitude of 
this effect in practical fuel elements re- 
quires further experiments. 

It is hoped that the continuation for 
a few more years of an experimental 
program of this nature will permit de- 
signing a UO.-bearing fuel element for 
any application with a minimum of 
empirical testing. 


* * * 


Many of thosein AECL and other Canadian 
organizations mentioned have contributed di- 
rectly or indirectly to the fuel-development 
program. Further, the authors wish to 
acknowledge the benefit received from coopera- 
tion with other laboratories, especially Bettis, 
Hanford and Harwell 
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VOLUTE ASSEMBLY 
{in + 


STAINLESS STEEL LOOP 


BULKHEAD PENETRATOR 


These jobs demonstrate the variety of nucleonic pip- 

= ing work done in our shops. The volute assembly, 
Fabri cated by shown in intermediate stage of manufacture, is fab- 
ricated of 14” and 16” Schedule 160 piping materials. 

The bulkhead penetrator, one of a group, is notable 

4 . . for an unusual method of welding dissimilar metals. 
P ? t ts b uU rg h Fi p 1 n C The complex test loop requires skillful welding of 
— stainless steel piping materials, and precise assembly 

- of hundreds of components. We are equipped and 
{Oo r N u Cc | Bao n j cs staffed to do similar jobs for you. Telephone, or write 
and our representative will call. Or, we will be glad 


to have you visit our plant. 








PIONEER FABRICATOR OF HIGH PRESSURE PIPING FOR RETA LEE LZ 





.» Whitehead Building Cleveland. . . Public a Building New York. . Weetworth Suliding 


PP-40 Chicago. Peoples Gas Building New Orleans. .P. O. Box 74 
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FOR SCINTILLATION & 
PROPORTIONAL COUNTING 


NON-OVERLOADING LINEAR AMPLIFIERS 
Models 108 

& 108P 
Gain 40,000, 


continu- 


Rise 0.2 mi- 
crosec 

Accept + 
and 


— pulses 
TREMENDOUS DYNAMIC RANGE Exceeds 1,000,000 | 


(0.1 mv to 100v) 
Based on improved Chase-Higinbotham design. 
Excellent linearity for small pulses in the presence 
of tremendous overloads that poralyze other am- 
plifiers. PULSE HEIGHT SELECTOR (Supplied only 
on Model 108P)—Precision trigger-type. 


MODEL 413 MERCURY RELAY 


PRECISION SLIDING PULSER 
The one pulser that fills every need 
of the nuclear physics laboratory 


0 to 100 Volts 
10 full scale ranges from 1 mV to 100 Nery 
Fast rise and exponential decay of 1, . 
and 100 microsec simulate pulses on ‘cintille: 
tion, proportional and Geiger counters. 
Incorporates both manual control and precision 
motor drive. 
The ideal instrument for precise calibration and 
test of pulse-height analyzers and other nuclear 
instrumentation. 


= 


Window widths are deteruuned AUTOMATI- 
CALLY, 10X more ACCUKATELY, 4X 
FASTER than with conventional pulsers. 


Model 108 Amplifier 

Model 108P Amplifier 
height selector) $595.00 

Mode! 413 Precision Sliding Pulser $630.00 


prices f.o.b. Silver Spring, Md. 


RADIATION INSTRUMENT CO. 
P.O. Box 733 Silver Spring, Maryland 








(includes pulse- 





SHEET LEAD 
LEAD BRICKS 
LEAD PIPE and 


Lead Fittings 


e Powder 
e Wool 


LEAD SPECIFICATIONS 
SIZES and WEIGHTS 


PHYSICAL © CHEMICAL PROPERTIES 


SOUTHERN LEAD 
ROLLING COMPANY 


Call or Write us for figures on §f 
your specific requirements in the 
g NUCLEAR FIELD. We can serve you i 
B nationally or internationally. 
fem se ee eee See 
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BOOKS 





A Thousand Papers from Chalk River 


Atomic Energy of Canada Limited 
| publishes the results of its work in 
scientific and technical journals and in 
reports that are printed and put on sale 
at Chalk River. In the eight years 
since the Company was formed more 
than one thousand items have been re- 
leased and green-covered reports have 
become a familiar sight in nuclear labo- 
ratories around the world. 
Cumulative lists of these 
tions are issued every one or two years 


publica- 


with supplements at intervals between. 
These lists and other information about 
AECL’s publications can be obtained 
by writing to the Scientific Documents 
Distribution Office, Atomic Energy of 
Canada Limited, Chalk River, Ontario, 
Canada. 

Copies of all Chalk River reports are 
sent to the 84 university and public 





| USAEC. 


| designated 


been 
the 
They are also sent regularly 


libraries in the U. 8S. that have 


as depositories by 


: ; oe ; 
| to libraries and other institutions in a 


| total 


They 
Nuclear Science 


30 countries. 
viewed promptly by 
Abstracts. 

Typical of the technical reports re- 
| leased this year are: 
| L. M. Howe. Irradiation behavior 
lof enriched U;Si elements sheathed in 
Zircaloy-2, AECL-984, 59 pp., $2.00. 
(Swelling was negligible up to 600 Mwd 
tonne, but amounted to 7% by 1,600 
Mwd/tonne.) 

Proceedings of the 
posium, Chalk River, 
pp., $2.50. (Sixteen 
representatives of 


dealing with some of the manufacturing 


of are re- 


Industrial Sym- 
AECL-990, 196 
given to 
industry 


papers 
Canadian 





and development problems to be encoun- 
Many 
| examples from Chalk River experience in 


NRU, 


| tered in the fie ld of nuclear power. 


| design and operation of NRX, 
etc.) 

a, an Presentation to House 
of Commons Special Committee on Re- 
AECL-1000, 138 pp., $2.00. 
\(A complete review of AECL activities 
prepared for a parliamentary committee.) 

Partial of 
cooled heavy water moderated reactors, 
| AECL-1018, 80 pp., $2.00. (Even with 
optimistic assumptions, a steam-cooled 
D.O-moderated reactor does not compare 
favourably with CAN DU.) 

Small reactors for northern Canada 
(prepared for AECL by the Canadian 


Tay. 


search, 


economic study steam 


for CANDU 


Westinghouse Company), AECL-1045, 
31 pp., $1.50. (Economic studies of 
PWR and BWR systems in very small 
sizes for remote locations. Concludes 
that nuclear power cannot at present 
compete with oil to meet the demand of 
the very small communities of the Cana- 
dian North.) 

E. C. W. 
Zircaloy-2 and Zircaloy-4 properties re- 
lating to the design stress of CANDU 
AECL-1048, 34 pp., 


(Reviews mechanical properties 


Perryman. A review of 


pressure tubes, 
$1.00. 
of annealed and cold-worked zirconium 
alloys and effects of irradiation. Rec- 
ommends design stress of 17,000 lb/in.? 
pressure tube.) 

Woolston, Technical Informa- 


AECL. 


J. EB. 
tion Officer, 


Beryllium: Metallurgy of the 
Rarer Metals, No. 7 

By G. E. DARWIN and J. H. BUDDERY (Aca- 
demic Press, New York, 1960, 392 pages, $13.50) 

Reviewed by W. D. Bennett, Research 
and Development Laboratories, Canadian 
Westinghouse Co. Ltd., Hamilton, Ontario, 
Canada 

Starting with the extraction of the 
oxide from the bery] ore, through purifi- 
cation, metal extraction, consolidation, 
forming and machining, the book tells a 
fascinating of beryllium 
metal has been won from the ore 
fabricated into usable form despite ex- 
ceptional technological problems. 

As an up-to-date review of past and 
present beryllium development work, 
the book comes at a time when a real 
need has arisen for such a publication 


story how 


and 


in view of the increasing importance of 
beryllium in nuclear and missile appli- 
cations. Two particularly valuable 
features of the book first, the 
numerous graphs and tables recording 
a readily locatable form and, 
the very comprehensive refer- 
Both 
book 


are, 


data in 
second, 
ences at the end of each chapter. 
these features will commend the 
to the beryllium research worker. 
Perhaps, book attempting to 
cover such a broad field, it is inevitable 
that been 
neglected, the 
case in dealing with beryllium metal- 


in a 


a few topics should have 


and this appears to be 


lography. Only a few techniques are 
mentioned, 
micrograph is used as an illustration. 

Although 
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and a rather poor photo- 


so much work has been 





done in developing beryllium, the book 
points to some weaknesses in our pres- 
ent knowledge of beryllium metallurgy, 


such as the effects of heat treatment, | 


the role of impurities and the effects of 
alloying. Appropriately enough, con- 
siderable space is devoted to the me- 


chanical properties of beryllium metal | 
and the question of whether or not fur- | 


ther purification would increase the 
ductility. The answer to this question 
is one upon which metallurgists are un- 
able to agree, some claiming that the 
metal is intrinsically brittle at room 


temperature, others suggesting that | 
small percentages of interstitial im- | 


purity could be retarding the operation 


of ductile slip systems. Work on both | 
sides of the Atlantic has been directed | 


at solving this problem by producing 
high-purity, oxygen-free beryllium 
using such techniques as distillation 
and zone refining. At the same time, 
improvements are being made in the 
fabrication of currently available metal 
by careful control of grain size and 
orientation. 

The future of beryllium in the nu- 
clear field depends largely upon its suc- 
cess as a canning material for nuclear 
fuel, which in turn will no doubt depend 
to a great extent upon the performance 
of beryllium cans used in the U. K. 


Advanced Gas-Cooled Reactor. The | 


behavior of the metal in this reactor 


will be watched with interest by all | 


concerned with high-temperature, gas- 
cooled reactors. Beryllium certainly 
has great potentialities with its low 
neutron-capture cross section and high- 
temperature strength, but the conver- 
sion of beryllium to helium in a fast- 
neutron flux presents some problems. 
Work at Harwell and Chalk River has 
shown that irradiation below 500° C 
causes embrittlement due to the pro- 


duction of helium atoms in solution, | 


and, above 600° C, precipitation of the 
helium in bubbles results in swelling 
and, in severe cases, permeability to 
gases. The seriousness of these helium 
effects will become apparent only after 
prolonged fuel-element burnup, but 
there appear to be reasonable experi- 
mental grounds for believing that oper- 
ation at between 500° C and 600° C 
will be satisfactory. Quality of tube 
and reproducibility of mechanical prop- 
erties are other factors that will decide 
the future of beryllium as a canning 
material. The minimum ductility and 
creep strength requirements have no 
doubt been achieved, but improve- 
ments would allow greater versatility 
in design and increased efficiency of the 
fuel element. 
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PERFORMANCE... 


adif-fer-en-ti-ates 
RCA MULTIPLIER PHOTOTUBES 


RCA Multiplier Phototubes are performance proved in every 
applicable field involving extremely low-level light detection 
—tincluding astrophysics and nuclear radiation instrumen- 
tation. 

In RCA’s broad line of Multiplier Phototubes you'll find 
types having high cathode sensitivity, types with very low 
noise, and types with extremely fast time resolution. There’s 
a tube tailor-made to handle almost every application. The 
RCA-7326, for instance, has a photocathode with extremely 
high blue sensitivity, excellent red sensitivity, and high con- 
ductivity—even at liquid air temperature. RCA Electron 
Tube Division, Harrison, N. J. 

For prompt delivery of RCA Multiplier Phototubes... 


CALL YOUR RCA INDUSTRIAL TUBE DISTRIBUTOR 


The Most Trusted Name in Electronics 
2 RADIO CORPORATION OF AMERICA 











CA NADA PRODUCTS AND MATERIALS 


A 


silt cont Ohne 


* 


like Eldorado's Beaverlodge, Saskatchewan complex. 


] MINE, Uranium leaves nature’s rugged storehouse at mines 
at 60° N latitude air strip is sole connection with outside 


— 
“sf SOO? 


SIs 4 ee 


IQ MK 





Na 


METAL. Milled uranium ore is refined 
? and reduced to metal at the Port Hope 

refinery of government-owned Eldo- 
rado Mining and Refining Ltd. Tributyl phos- 
phate extraction is followed by thermal de- 
composition to uranium trioxide in electric 
furnaces. UF, is produced by a moving-bed 
process, unique in the field, yielding a large 
percentage of product at 99 % UF,, which is 
then reduced with metallic magnesium by 
the “dingot” process. Dingots are then 
cast or forged into billets such as shown 
above 


Here barge. 


at right center 


world, except for short summer season when ore goes out by 
Townsite is in foreground, one minehead and mill are 


Canadian Uranium— 


From Mine to Metal to Fuel 


FUEL. Metal fuel, like extrusion-alu- 
3 minum-clad NRU plates shown under- 
going final visual and dimensional in- 
spection, is produced at the Port Hope plant 


of AMF-Atomics of Canada Ltd. Capa- 
bility extends to uranium-oxide pellets and 
Zircaloy-clad uranium oxide fuels for 


power reactors 








Nuclear Fuel Fabrication 
At Port Hope, Ontario, AMF Atomics has the first Canadian reactor-fuel fabri- 
cating plant. The facility is equipped to aluminum-clad uranium metal by extru- 
sion or mechanically; to produce UO, pellets with aluminum, stainless-steel or 
Zircaloy cladding; and to make complete fuel assemblies. It is the exclusive E.M.]I 
supplier of NRX and NRU fuel, as well as power-reactor-fuel prototypes for test- ‘S’ TYPE 


Shown above are some of the fuels made (top—sec- 
PHOTOMULTIPLIERS 


ing in ZEEP and ZED-2. 


tioned NRU element, Al-clad U plates; next below sectioned NRX element, 


Al-clad U bar; center—19-rod bundle of UO,--filled Zircaloy tubes, single tube, 
7-rod UO--filled Al tube; bottom—UO, powder and pellets) —AMF Atomics FOR TRITIUM 
COUNTING 


Canada) Ltd., Port Hope, Ontario, Canada. 


The four EMI tubes listed 

below are recommended for 

the scintillation counting 

of liquid phosphors contain- 

ing 14 C or 3 H. 

EMI “S” cathodes have a 

room-temperature thermionic 
emission of about 20 e/cm*/sec., 
with a peak quantum 
efficiency of 8-10%, giving 
greatly reduced background 
for a given counting efficiency. 
(12-15% with 180 cpm back- 
ground is possible at 20°c). 
These S-type tubes are given an 
operational counting test using 
a sealed liquid scintillator cell 
containing tritiated toluene, to 
confirm that they fall within 
accepted limits for thermionic 
emission and sensitivity. 


Tubetype. 95148 60978 95368 
Cathode dia., 
mm. 44 4 44 


95248 


No. of dynodes 13 Ven. 11 Ven. 
blind ~— blind 


Type SbCs SbCs 
Overall Sensi- 
tivity, A/L 2000 200 
Dark current, 
uA 03 003 


NPD-2 Reactor Calandria 
Dump port is shown above being factory-assembled to the NPD-2 calandria end 
walls. Note the automatic-welding manipulator in right foreground and welding 
positioner holding calandria sections. Calandria is a double-walled, 44,000-lb 


vessel of GR40-A-0 aluminum. 
E.M.1. ELECTRONICS LTD 


Other equipment and services: CGE provides, among its custom-designed prod- 
».g., special alloys and reactor fuels), reactor components (e.g., 
VALVE DIVISION . HAYES . MIDDLESEX - ENGLAND 


ucts, materials (e.g., 
essels and piping) and auxiliary equipment (e.g., reactor fueling machines). 
ilian Atomic Power Dept., Canadian General Electric Co. Ltd., 107 Park St. | representatives in v.s.: H.L. HOFFMAN & Co., Inc. 
35 Old Country Road, Wesibury, N.Y. Tel: EDgewoos 4-5600 


' ee rasa 
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Uv 
North, Peterborough, Ontario, Canada. 
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600,000 
amperes 
B help 
Y Ilias 


At the historic Geneva Atoms-For-Peace 
Conference, Los Alamos scientists un- 
veiled Scylla—a fusion device used to heat 
a plasma of ionized heavy hydrogen par- 
ticles millions of degrees by blasting it 
with a 600,000-ampere thunderbolt. 
Surrounding the heart of this thermonu- 
clear machine is a bank of low-inductance, 
energy-storage capacitors...each rated at 
100,000 volts, each capable of a 20,000 
megawatt peak surge. 

This unique installation, like others of its 
type, is the result of long experience in 


capacitor specialization. If adherence to 
rigid specifications is a ‘must’ on your 
project—call us in to help with creative 
engineering. We invite inquiries for a 
single energy-storage capacitor or a com- 
plete energy-storage system including 
capacitors, racks, interconnecting lines, 
protective devices and charging power 
supply. 


For further technical information, write 
for Bulletin No. 191 to Cornell-Dubilier 
Electric Corporation, New Bedford, Mass. 


CORNELL-DUBILIER ELECTRONICS DIVISION 


FEDERAL PACIFIC 


ELECTRIC COMPANY 


‘PRODUCTS & MATERIALS 


Department starts on page 126 


Heat-Transfer Loop 


| Loop shown above was designed and 
built the 
study of heat-transfer phenomena in 
light 
in steam generation at 500—2,500 psi. 


for Purdue University for 


| forced-convection of water and 
Loop includes electrically heated test 
heat 
ionizer, pressurizer and accumulator. 
Test-section 


section, exchangers, pump, de- 


entry and exit. coolant 
temperatures and pressures and axial 
temperature distribution along the test 
}section are measured. Burnout alarm 
jand loop trip prevent the section from 


The 


0.05-in.-o.d., 


accidentally destroved. 
test 


0).25-in.-bore 


being 

welded section, a 
type 316 
tube with conoseal flanges, 
170 kw with a heat flux of 2 
hr/ft? 
couples are 


stainless-steel 
is rated at 
10° BTU 
thermo- 
spot-welded to the test 
section over its 4-ft heated length. 
Other equipment and services: Com- 


plete reactor-system designs, 


max. Twenty-five 


partic- 
test- 
fabrication 


ularly power reactors. Large 


loop-sy stem design and 


(in-pile and out-of-pile). Developmen- 
tal metallurgical programs, e.g., joining 
materials in reactor vessels and fuels. 
Atomic Energy Div., Canadian West- 
inghouse Co. Ltd., Box 510, Hamilton, 
Ontario, Canada. 


Radiation Monitors 


Portable Avo monitor measures beta- 
and gamma-radiation 
0.05—100 


+ r() « 


rates ol 


dost 
accuracy of 
Mev. 
plete instrument consists of indicating 
body 
alr-equivalent-wall ionization 
beta shield, 
and flexible 


connector (which together enable cham- 


with an 
from 80 kev to 2 


r/hr 
Com- 
unit with long handles and 
harness, 
chamber with detachabl 
extension rods extension 
| ber to be 13 ft from indicating unit). 


| . 
| Other monitors manufactured by Avo 
(Continued on page 130) 
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Thorium, Rare Earths 


In addition to the large-scale uranium production of the Rio Tinto Group, The 
Rio Tinto Dow Co. (in equal partnership with the Dow Chemical Co. of Canada) 
is producing. high-quality thorium. An active rare-earth research program of 
Rio Tinto has resulted in the extraction and sale of the first scandium shipment; 
work is continuing on extracting other rare earths.—The Rio Tinto Mining Co. of 
Canada Ltd., 335 Bay St., Toronto, Ontario, Canada. 





ELECTRONICS for 
Liquid, Solid Phosphors NUCLEONICS 


Phosphors shown above (left to right, top row first): 

Hollow plastic scintillator (NE812)—Detectors for beta-ray spectroscopy, made 
from plastic phosphor NE102, are suitable for B-ray energies to <100 kev. Reso- The complete instrumenta- 
lution of ~15% was found for Cs*7 conversion electrons. Designs for specific | tion for the research reac- 
energies can be produced as requested. tor ’SILOE” of the Univer- 
sity of Ghent including 
highly dependable control 
equipment with fully transis- 
torized servo system is a 
development of our 
“Nuclear Energy Division’’. 





Neutron detectors (NE400, 401, 402)—Active layer of boron polyester and 
ZnS(Ag), with white reflector, is mounted in clear plastic. Boron is enteral 
NE400) or enriched (55% B®, NE401; 92%, NE402). Neutron/gamma re- | 
sponse of at least 100:1 can be obtained with Po-Be neutrons and Ra or Co® | 
gammas. Detector can be surrounded with paraffin for measuring thermal | 


j 
neutrons 


| 
Capillary-flow counter (NE501)—Plastic-phosphor (NE102) capillary tube (2 ft | This reactor is completely 
long, 1.5 mm o.d.) is wound in a spiral, sealed with white reflector and mounted in designed and builtin Belgium 
shallow cup containing silicone fluid. Inlet and outlet connections are provided. by “BelgoNucléaire”’. 

Maximum spiral diameter is 1% in. and volume is 0.3 cm’. Detector can be BELGONUCLEAIRE, 


viewed with one or two photomultipliers. Nuclear engineers 


Encapsulated liquid scintillators (bottom, left and center)—Deoxygenated liquids 35, ae agmggy 
are sealed in glass cells with reservoir of oxygen-free, inert gas. Spray-coated 5 . 
annie vay ‘ > ) ) y ; 
eflector is applied to cell at left. Bell lelephioue Mtg Co 
Fast-neutron detector (NE404)—Detector employs clear-plastic moderator and 
ZnS(Ag) phosphor. Detection depends on proton recoils in the plastic. White | “NMUICLEAR ENERGY DIVISION” 
jlastic reflector is mounted in the phosphor. Detection efficiency, up to 5%, is | 4s A) 33, Berkenrodelei 
. ° . P . . } N-Antwer 
ide possible by the concentric, cylindrical, clear-plastic light guides that break me aes 
ip the phosphor.—Nuclear Enterprises Ltd., 1750 Pembina Highway, Winnipeg 9, 


(Canada 
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NUCLEAR 
DIVISION 





AN ENGINEERING FRONTIER 
IN 1663... 


. + » was finding ways to utilize steam power. In that 
year, for example, the Marquis of Worcester is 
credited with inventing the ingenious “steam water 
lift’ shown here. Steam from the boiler passed 
through a pipe into a wooden barrel. Steam was 
condensed in the barrel, creating a partial vacuum, 
which caused water below to rise into the barrel 
when the water cock was open. When the cock was 
closed and the steam valve opened, the steam 
forced the water up through a discharge pipe into 
a cistern above. It was through trial and error 
designs like this that the art of steam power gen- 
eration was first introduced. 


AN ENGINEERING FRONTIER 
IN 1960... 


. . . is the development of commercial nuclear 
power utilizing such modern reactors as the 
Combustion Engineering design illustrated. Nu- 
clear reactor systems capable of generating eco- 
nomical steam power for commercial use have 
long been an engineering goal in the American 
power industry. 


Combustion Engineering, recognized interna- 
tionally as a pioneer in the fast-moving tech- 
nology of steam power generation, has developed 
in its Nuclear Division the engineering capability 
necessary to the successful pursuit of this goal. 
All of the elements essential to the design and 
development of well-balanced, high-performance 
reactor systems are under constant investigation 
by individuals skilled in the fields of engineering, 
physics, metallurgy, ceramics and chemistry. 
Staff positions are now available to individuals 
qualified in these disciplines. 


During 1959, more than 30 large C-E steam 
generating units with a total capacity of over 
5 million kilowatts were installed in utility power 
stations in this country and abroad. The genera- 
tion of commercial nuclear power is a natural 
extension of our product line. 


Address inquires to: 

Mr. R. N. Killelea, Manager, 
Professional Recruiting, Nuclear Division, 
Combustion Engineering, Inc., 
Windsor, Connecticut 


COMBUSTION ENGINEERING, INC. 





| 








PRODUCTS & MATERIALS 


Department starts on page 126 


| Ltd. of England: type 1532A ioniza- 


tion-chamber dose-rate meter (cali- 
brated up to 500 r/hr, connecting 
cable, telescopic positioning gear) for 
indicating radiation level 16 ft from 
measuring position and for warning 
system; personnel survey meter (0.1- 
100 r/hr + 20%, on/off switch and 
calibration switch, 2-yr shelf life). 
Other equipment: Control panels, an- 
nunciators and telemetering equip- 
ment.—R. H. Nichols Ltd., Box 500, 
Downsview, Ontario, Canada. 


Titanium Pipe Fittings 

A line of titanium pipe fittings has been 
developed for the nuclear and chemical 
systems. Titanium offers savings in 
weight, corrosion and erosion resistance 
and stability at elevated temperatures. 
Fittings are practically impervious to 
attack by corrosive salts at moderate 
temperatures. 

Other products: Fittings and valves of 
carbon, stainless steel and other alloys. 
—Ladish Co. of Canada Ltd., Brant- 
ford, Ontario, Canada. 


Research Co®” Irradiator 
Gammacell 220 is a_ self-shielded 
(0.3 mr/hr 1 ft from operating face), 
fixed-source (squirrel-cage design), 
large-sample-chamber (6-in.-dia. 8!- 
in.-high) Co® irradiator. Operation is 
flexible—automatic timer, push-button 
or manual. To keep source always 
shielded, sample chamber is lowered 
into or raised out of the squirrel cage; 
no manipulators are needed. Four 
spiral access tubes—for coolant, liquids, 
gases, electrical wiring—permit mount- 
ing standard accessories in the chamber 
(e.g., for controlled temperature and 
pressure). Up to 54 Co rods give a 
uniform field with a maximum capac- 
ity of 13,000—-30,000 curies, depending 
on local regulations and working con- 
ditions; 1,100 curies provide 105 r/hr 
at the chamber mid-point. 

Other equipment and services: Co” 
slugs in welded stainless-steel capsules. 
Source and irradiator design and con- 
struction. Consulting, feasibility and 
cost studies. Gamma-irradiation serv- 
ices. Reactor-produced, unprocessed- 
target radioisotopes. Irradiation of 
chemicals, fabricated objects and work- 
ing experiments. Cs'*? and Co® radio- 


| teletherapy units —Commercial Prod- 
| ucts Div., Atomic Energy of Canada 


Ltd., Box 93, Ottawa, Canada. 
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Semiconductor Detectors 


Encapsulated silicon-junction alpha de- | 
tectors are available in improved cap- 
sules and in quantity production. New 
types with thin front layer for detecting | 
heavy particles and with deep depletion 
layer for detecting alphas to 25 Mev | 
and protons to 6 Mev, are available in 
sample quantities from our research | 
laboratories.—Electron Tube and Semi- | 
conductor Division, RCA Victor Com- 
pany, Ltd., 1001 Lenoir Street, Mon- 
treal 30, Canada. 


LITERATURE AVAILABLE 
| 


Industrial uses of gamma rays... | 
a bibliography—9 pp. 
Radioisotopes, what they are and how | 
they are produced—20 pp. 
Atomic Energy of Canada Ltd., 
Commercial Products Div., Box 93, 
Ottawa, Canada 


Radiation meter—4 pp. 
tadiation Recording Instruments 
Co., Box 1056, Station B, Montreal 2, | 


Canada 


Canada’s first fuel facility—12 pp. | 
Experienced management—4 pp. 


AMF Atomics Canada Ltd., Port 
Hope, Ontario, Canada 


R.F. noise probe—4 pp. 
Nash and Harrison Ltd., 1355 Well- 
ington St., Ottawa, Ontario, Canada 


Geartight self-locking camtight plug 
t pp 

Some applications of the Geartight | 

union—12 pp 
United Flexible Metallic Tubing 
Canada) Ltd., Centre St. East, 
Box 504, Richmond Hill, Ontario, 


Canada 


Patents handbook—100 pp. 
Canadian Patents and Development 
Ltd., National Research Building, 
100 Sussex Drive, Ottawa, Canada 


NPD-2 design description—27 pp. 
Ceramic fuel for reactors—6 pp. 
Nuclear components—6 pp. 
Organic-cooled D.O reactor—6 pp. 
Civilian Atomic Power Dept., Cana- 
dian General Electric Co. Ltd., Peter- 


borough, Ontario, Canada 


Catalog of uranium products—20 pp. | 
Eldorado Mining and Refining Ltd., | 
Sales Office, Port Hope, Ontario, 


( inada 
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From Varian, a completely stable high-vacuum 
pump, effective even when handling 
atmospheres with high concentrations of 
noble gases such as Argon. 


Another significant advance from Varian’s research program, 
solving the problem of pressure surges when requirements 
specify the evacuation of atmospheres containing Argon 

or other noble gases. Identical in all respects with Standard 
Vaclon pumps, save for inexpensive modifications 

to the diode pumping element. 


Super Vacton is now available in pumping speeds from 

1 litre/second to 10,000 litres/second. All replacement 
pumping elements, either standard or Argon-stable, are 
interchangeable; your present Vaclon pump can be 
modified in the field. No need for complex triode or tetrode 
pumps, no need for additional power supplies. Super 
Vaclon operates from the same single power source 

as does the standard Vaclon pump. 


For complete technical data on how Super Vaclon can solve your 
special pumping problem, address Vacuum Products Division. 


The Vaclon pump, developed by Varian Associates, is a 
revolutionary concept in vacuum pumping. Vaclon employs 
no moving parts, no fluids, no refrigerants. Vacion's 
electronic construction will provide clean vacuums to 
one-trillionth of an atmosphere. 


VARIAN associates 


PALO ALTO 41, CALIFORNIA 
Representatives throughout the worid 





KLYSTRONS, WAVE TUBES, GAS SWITCHING TUBES, MAGNETRONS, 
HIGH VACUUM EQUIPMENT, LINEAR ACCELERATORS, MICROWAVE 
SYSTEM COMPONENTS, NMR AND EPR SPECTROMETERS, MAGNETS, 
MAGNETOMETERS, STALOS, POWER AMPLIFIERS, GRAPHIC 
RECORDERS, RESEARCH AND DEVELOPMENT SERVICES. 








INSTRUMENTATION 
AND MEASUREMENTS 


This article starts on page 82 


N U C L & A r & € : ft N C r i} | Time can be introduced by starting 
the display and allowing it to go quickly 

| through the events stored on the drum. 
A R § T ie A C T Ss i! | On the first readout the oldest informa- 
tion in each address will be presented, 
Pre-publication on the next readout the oldest but one, 
price valid and so on until the present is reached. 


Volumes 1-8, 1948-1954 until Oct. 31. 1960 (1 | A large amount of information will be 
$230.00 $200.00 i} | quickly conveyed in this manner, not in 
900.00 170.00 detail perhaps, but trends will be seen 


| which should indicate where detail 
should be sought. The display can of 


Volumes 1-3, 1948-1949 ; 
|] | course be repeated as often as required. 


Single volumes, paper bound ius 20.00 17.00 (|| | We are attempting to do electronically 
what is done photographically when, 
Volumes 4-8, 1950-1954 |] | for example, the details of plant growth 
'] | are quickly recreated. 

The experimental system being de- 
i | veloped is shown in Fig. 3. A solid- 
Please address orders and inquiries to | state electronic scanning system sam- 
ples each transducer in turn so that 


JOHNSON REPRINT CORPORATION | every variable is represented by an 
NEW YORK and LONDON if | electrical pulse. Scanning takes place 


i at maximum levels of 100 mv or 50 
snepapepeyn 17 Old Queen Street pamp and th tin in h me wie 

| é i ( e ne tor eacn *AaS “a 
New Vork 3, N.Y. London, S.W.1, England |} | ment is 500 usec. Temperature-sensi- 


tive resistance bulbs, however, are 


Announcing an Important Reprint 


Single volumes, paper bound... 30.00 27.00 

















scanned by pulsing the drive to the ap- 
| propriate bridge. The pulse represent- 


IT’S THE Du ilt-I Nl contacts TOMMTVVGRRITSASE | couverted to binary-code form and hel 


ina temporary store. The information 


SODECO DIGITAL ELEMENTS SO VERSATILE. Re. is then transferred onto the rotating 


drum and the scanner moves on to the 


next-in-line transducer. 

The display equipment is separate 
from the data-writing system. It is 
| shown at the bottom of Fig. 3. The 
| address number positions the trace on 
| the cathode-ray-tube screens. The 
| magnitude of the variable further ad- 
| justs the position of the trace for the 
| amplitude-time display, and the inten- 
| sity for the geometric display. Both 
| pictures change in real time, but the 
| geometric display can be programmed 
| to scan the stored data at a selected 











rate. 
YOU CAN: The signal scanning and digitizing 
© Preset any figure remotely, by push but- | equipment is typical of the most recent 


ton, by dial, or from punched cards r F . ‘ . 
Reset to zero electrically innovations in data handling. Fur- 
Or count down, get a signal at zero, re- | > rusi atic : 2 
cycle, or preset to a new figure in jess | ther, by using & magne tic drum to store 
ee than half a second per digit data continuously it becomes relatively 
ag ee wey Specify them for addition or for sub- . } : : 
traction simple to add a variety of displays. 
e Papagecwis git locations The experimental system uses stand- 
sk for descriptive bulletin and wirin ‘ ". hea? 
five diagrams forthese andother applications | ard Chalk River circuit board tech- 


ECO {TD ten or twenty-five, 
act ( ; . 
oD counters are guitable for | niques. When the components are 


ulse (sec. d 
ik Ca x 4%"), ~— 3 s a re LANDIS & GYR assembled, where the 32 temperature- 
fustpers are %" wide ® inc. | sensitive resistors are connected to 
45 West 45th Street, New York 36, N. Y the scanner by a 500-foot length of 


| multicore cable. 
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NUCLEAR CAMPUS 





Nuclear Activities at Universities 


The achievements in the nuclear field recorded elsewhere in this issue stem in 
good part from the excellent universities in Canada. Listed here are those that 
have special courses and/or facilities in the nuclear field. This listing is based 
upon a survey conducted by O. J. Hahn and W. James Slater, graduate students 
at West Virginia and McMaster Universities, respectively. All of the universities 


offer work in nuclear physics, but we have noted especially here the few who have}! 


programs in nuclear engineering. The number of faculty members associated 
with nuclear programs was variously interpreted and is only a rough index of the 
importance of nuclear activities. Only the most major facilities have been noted; 
most of the schools have such ancillary equipment as digital and analog computers. 
particle and gamma-ray spectrometers, counting equipment, etc. 





Nuclear Programs at Canadian Universities 
Nuclear 
engineering Special 
University degrees* Faculty facilities 
Assumption Univ. of Windsor, l 
Windsor, Ont., Prof. F. A. 
De Marco, Principal, Essex 
College 
Dalhousie Univ., Halifax N. 8. 
Prof. E. W. Guptill, Head, 
Dept. of Physics 
McGill Univ., Montreal, P. Q. 100-Mev synchrocyclotron 
Dean D. L. Mordell, Faculty 10-Mev linear accelerator 
of Engineering 
Mc Master Univ., Hamilton, Ont. ] 1-Mw swimming-pool 
Prof. J. 8. Kirkaldy, Dept. of 
Metallurgy & Metallurgical 
Engineering 
Queen’s Univ., Kingston, Ont. : 70-Mev synchrotron 
Prof. B. W. Sargent, Head 
Dept. of Physics 
St. Francis Xavier Univ., 
Antigonish, N. 8., Rev. E. M. 
Clarke, Dept. of Physics 
Jniv. de Montreal, Case Postale 500-kev Cockcroft-Walton 
6128, Montreal, P. Q., Dr. Paul 
Lorrain, Dir., Dept. of Physics 
JIniv. of Alberta, Edmonton, 2-Mev Van de Graaff 
Alta., Prof. H. Grayson-Smith, 
Head, Dept. of Physics 
niv. of British Columbia, 2.25-Mev Van de Graaff 
Vancouver, B. C., Prof. G. M. 
Shrum, Head, Dept. of Physics 
Jniv. de Laval, Quebec, P. Q. 5.5-Mev Van de Graaff 
Prof. E. Geoffrion 
Iniv. of Ottawa, Ottawa, Ontario, 
Dean P. R. Genron, Faculty of 
Pure Appld. Sci 
Jniv. of Saskatchewan, Saskatoon, Subcritical assembly 
Sask., Prof. B. W. Currie, 
Head, Dept. of Physics 
Jniv. of Toronto, Toronto, Ont. 3-Mev Van de Graaff 
Prof. R. E. Jervis, Chem. Eng., 
Univ. of Western Ontario, London, 4-Mev microtron 
Ont., Prof. E. Brannen 


*B = B.S., M = M.S., P = Ph.D., X = as minor in other dept. 
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RCA VICTOR, CANADA 


announces 


AN IMPROVED 
ENCAPSULATED 
SILICON JUNCTION 


| 





Alpha 


Detector 





Now in commercial production 
@ Optimum Geometry 
® High Resolution 
@ Large Area Detection 





| A product of the Research Laboratories of 
RCA Victor in Montreal, this silicon junction 

alpha detector is a small, rugged “solid state 

ionization chamber” capable of detecting in- 
| dividual alpha particles of energy 0.5 Mev 
| or more. Pulse height is proportional to par- 
| ticle energy over a range of approximately 
| 1.5 to 10 Mev with excellent linearity and a 

resolution of better than 1% at 5 Mev. Also 
| useful for protons, deuterons and heavy ions. 


























| 
| Inquiries invited: Write 
General Manager, 


RCA VICTOR, Electronic Tube and 
| Semi-Conductor Div. 
Montreal 30, Canada. 


THE MOST TRUSTED NAME IN ELECTRONICS 


@ Rc VICTOR COMPANY, LTD. Ge) 
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EMPLOYMENT OPPORTUNITIES 


The advertisements in this section include all employment opportunities 
—executive, management, technical, selling, office, skilled, manual, etc. 
Employment Agencies 
Employment Services 
Labor Bureaus 


UNDISPLAYED 
$2.10 per line, minimum 3 lines. To figure 
payment count 5 average words as a line. 
Position Wanted ads are 4+ of above rate. 
Box Numbers—counts as | line. 
Discount of 10% if full payment is made in 
advance for 4 consecutive insertions 


Civil Service Opportunities 
Selling Opportunities Wanted 
Selling Opportunities Offered 


Positions Vacant 
Positions Wanted 
Part Time Work 


DISPLAYED ———RATES 
The advertising rate is $25.33 per inch for all 
advertising appearing on other than a con- 
tract basis. Contract rates quoted on re- 


ENGINEERS 
TECHNICIANS 


In connection with our ex- 
panding activities in nuclear 
power, we have opportunities 
for qualified personnel in the 
following fields: 


quest. : : ; 
An advertising inch is measured {” vertically 
on a column—2 columns—30 inches to a 


” 


page. , . 
Subject to Agency Commission Not subject to Agency Commission 


Send NEW ADS or Inquiries to Classified Adv. Div. of NUCLEONICS, P. O. Box 12, N. Y. 36, N. Y. 











NUCLEAR SUPERHEAT 


One of the advanced concepts that 


GENERAL NUCLEAR ENGINEERING CORPORATION 


is developing for construction in the immediate future 





REACTOR SYSTEMS 


—Engineers with experience in devel- 
opment and analysis of nuclear plant 
systems and components. 


WATER CHEMISTRY 


—Chemist with specialized experience 
in water quality control for reactor 
operations. 


Graduate Engineers and Physicists with reactor design 
experience will find stimulating and rewarding op- 
portunities in these boiling-superheating reactors, in 
gas-cooled reactors, and in other practical advanced 
concepts at General Nuclear 


NUCLEAR PLANT TESTING 


—Engineers or physicists with sub- 
stantial test and start-up experience; 
marine application desirable. 


Positions are also open for new graduates. Work in 
small design and development groups of broad scope 
gives maximum opportunity for advancement and for 
professional development 


REACTOR PHYSICS Send resumes to: L. C. Furney 
GENERAL NUCLEAR ENGINEERING CORP. 
—Physicist experienced in application 
of nuclear physics to design and test 


of nuclear reactors. 


Dunedin, Florida 








HEALTH PHYSICS 


—Monitors, Senior & Junior. 


RADIOCHEMISTS 


To join the staff of the commercial Atomic Power Department of 
Westinghouse and take part in radiochemical studies associ- 


NUCLEAR 
INSTRUMENTATION 





—Extensive experience on reactor 
control and radiation monitoring & 
instrumentation, including installation 
and maintenance. College degree not 
essential. 


REACTOR OPERATIONS 


—Experienced operators, preferably 
with experience in pressurized water 
plants, criticality and start-up opera- 
tions; marine experience desirable, 
college degree not essential. 


NEW YORK SHIPBUILDING 
CORPORATION 


CAMDEN 1, NEW JERSEY 








ated with the development of larger and more efficient com- 
mercial atomic power reactors..- 


SENIOR SCIENTIST—To plan, conduct and interpret radio- 
chemical experiments associated with induced and transported 
radioactivity in nuclear power piants; and to consult on prob- 
lems of a radio chemical nature. Must have a B.S. degree or 
Chemical Engineering degree with at least 5 years of related 
experience. 


SCIENTIST—To perform routine and complex radiochemical 
analysis. Position will require laboratory experience in instru- 
mentation techniques and analytical separation procedure. 
Must have B.S. degree in Chemistry or Physics with at least 
3 years experience. 


If you can visualize your professional growth in an atmosphere 
of scientific investigation, write to: Mr. C. S. Southard, Westing- 
house Atomic Power Division, RO. Box 355, Dept. X-35, Pitts- 
burgh 30, Pa. 


Westinghouse 


ATOMIC POWER DIVISION 
FIRST IN ATOMIC POWER 
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EMPLOYMENT OPPORTUNITIES 


Following pioneer achievements in reactor power 
plant developments, the Knolls Atomic Power 
Laboratory is now studying major problems in 
reactor and power plant simplification. Solutions 
to be achieved may considerably advance nuclear 
reactor applications. 


Working on unique developmental problems at 
KAPL, engineers and scientists have access to an 
unusually broad range of specially-designed ex- 
perimental and test equipment...as wel] as the 
advantages of inter-professional consultation 
with experts in a number of related fields. Ad- 
vanced nuclear studies are available at both the 
Labordtory and nearby colleges. 


You are invited to inquire about openings in: 


Mechanical Equipment Design / Control & Instru- 
mentation Design / Reactor Design Analysis / 
Power Plant Test & Analysis / Reactor Physics / 
Nuclear Analysis / Coolant Technology / Com- 
puter Programming / Radiological Physics. 

Please write fully in strict confidence to, Mr. A. J. 


Scipione, Dept. 48-MJ. U.S. Citizenship and appro- 
priate engineering or scientific degree required. 


ECTRIC 





for 
POSITIONS 
in the 
NUCLEAR 
FIELD... 
WRITE US FIRST! 


Use Our Application 
No Resume Required 


NUCLEAR SALES REPS WANTED 


For expanding nuclear detector tube and in- 
strument field sales force both in Continental 
U.S.A. and abroad. 

Our Company is already represented by the 
top nuclear organizations in their respective 
territories and countries, but new opportuni- 
ties are still availabie 





ASTRA, Inc. 


A North Carolina Research Tri- 
angle organization that provides a 
comprehensive, integrated consult- 
ing service for the development of 
peaceful application of atomic 
energy, both within the United 
States and abroad. Our services 
include: Reactor Specification and 
Design, Shielding Design, Critical- 
ity Hazards Studies, Health Phys- 
ics, Physics Engineering, Economic 
Surveys, Thermodynamics, Heat 
Transfer, and Medical Engineering. 
VACANCIES exist from time to 
time for qualified nuclear engi- 
neers. Life is some times hard but 


never dull at ASTRA. Try us. 











Forward full details including other lines 
handled, number of people on your staff and 
their qualifications, exact territory covered 
and some typical accounts called upon 
Should have some background in the nuc!ear 
field 

Please write: N. Paris, Nuclear Sales Manager 

ANTON ELECTRONIC LABORATORIES, INC. 

1226 Flushing Ave. Brooklyn 37, N.Y. 


Our national coverage and 
technical experience in 
the nuclear field offers 
the maximum opportunity 
to achieve your goals. 


Confidential Handling 
Employer Pays Fee 











Write: Arthur L. Krasnow 


ATOMIC PERSONNEL, INC. 


1518 Walnut St. « Phila. 2, Pa. « PE 5-4908 
An Employment Agency for the Nuclear Field 


WHERE TO BUY 





Ih 











ADDRESS BOX NO. REPLIES TO: Box No. 
Classified Adv. Div. of this publication 
Send to Office oars you. 
NEW YORK 36: P. O. Box 12 
CHICAGO 11: 520 N. Michigan Ave 


CUSTOM 
FILM BADGE SERVICE 


Performed to your specifications 


P. O. Box 226 


NUCLEAR SERVICE LABORATORIES, INC. 
Radiation Monitoring Specialists’’ 
P.O. Box 1885 


Knoxville 1, Tennessee 








Larger Sizes Now Available 
Hi-D® LEAD GLASS WINDOWS 
For use in steel, lead, and concrete walls. 

Send for Circular GS-7 


PENBERTHY INSTRUMENT CO. 


4301 6th AVE. SOUTH © SEATTLE 8, WASH. 
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SAN FRANCISCO 4: 68 Post St 


SELLING OPPORTUNITY AVAILABLE 


Nuclear Electronic Instrument Manufacturer de- 
sires representatives for exclusive U.S. territories. 
Send details and scope of your organization to 
RW-5 5240, Nucleonics. 


POSITION WANTED 


Decontamination Specialist. Broad experience 
with reactor and reprocessing problems. PW-5228, 
Nucleonics. 


Raleigh, N. C. 











ASST. QUALITY CONTROL MGR. 


$10,000 PLUS STOCK OPTION 
Will be trained to take charge of Electrical 
Division. At least two years of experience in 
Quality work. Commercial Products Company. 
Your file is handled in strictest confidence. 
No fee. 
ESQUIRE PERSONNEL SERVICE, INC. 
202 South State Street, Chicago 4, IIlinois 
Phone HArrison 7-6337 
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EMPLOYMENT OPPORTUNITIES 


INTERNUCLEAR COMPANY... . 


OFFERS YOU © © © 0 « « « Participation in a small aggressive company with world- 
wide engineering design and consulting activity in the 


field of nuclear technology. 


IN PARTICULAR. . . . . Excewienr salaries 


AN OPPORTUNITY ... 


THREE WEEKS VACATION 
SICK LEAVE BENEFITS 


MAJOR MEDICAL INSURANCE 
HEALTH AND ACCIDENT INSURANCE 


LIFE INSURANCE 


TRAVEL INSURANCE 


EDUCATIONAL BENEFITS 


RETIREMENT PLAN 


FOR REACTOR MECHANICAL ENGINEERS 


REACTOR PHYSICISTS—INSTRUMENTATION ENGINEERS 


SCIENTIFIC PROGRAMERS 


call or write O. J. Elgert, Technical Director 





inrernucicar 


7 N. Brentwood Blvd. 


G ©) Tid [2 C] ir 7 Clayton 5, Missouri 














MATERIALS SCIENTIST 
METALLURGIST 
METALLURGICAL ENGINEER 


The LOS ALAMOS SCIENTIFIC 
LABORATORY, operated by the 
University of California and located 
high in the mountains of Northern 
New Mexico, requires a materials 
specialist to assist in the development 
of advanced nuclear reactors. The 
candidate should have a_ thorough 
grasp of modern solid state theory and 
the ability to reduce it to practice 
with unfamiliar materials. A PhD 
degree in one of the above fields is 
preferred, although an MS _ with 
equivalent experience will be con- 
sidered. Skill in the interpretation of 
metallographic appearances and _ in 
the development of diagnostic tech- 
niques is an important part of the 
work. The position has a long range 
future with a wide range of reactor 
materials and concepts. This employee 
would become an integral part of a 
reactor development team, and would 
be expected to acquire overall knowl- 
edge of reactor technology. 


Please send resume to: 


Recruiting Department 
LOS ALAMOS SCIENTIFIC LABORATORY 
University of California 
P. O. Box 1663 
Los Alamos, New Mexico 





Hallam Nuclear Power Facility 
Has Openings For 


REACTOR ENGINEER 


M.S. Nuclear Engineering or Nuclear 
Physics Experience in Reactor Physics 
and Performance Calculations and 
Fuel Management 


REACTOR OPERATORS 


Experience in Power or Production 
Reactor Operation. College Educa- 
tion Not Required. 


Send Resume and Qualifications in Con- 
fidence to: 

R. S. Kamber 

Plant Superintendent 

Consumers Public Power District 

1401 “O” Street 

Lincoln, Nebraska 








NUCLEAR OR ENGINEERING PHYSICIST 
FOR DEVELOPMENT DEPARTMENT 


To be responsible for Radiation Dosimetry 

applied to Isotope Production. This position 

wih include the development of new or im- 
roved measurement techniques for alpha, 

Cate, gamma and neutron sources in a wide 

range of energies and activities. 

Work with a group of specialists carrying out 

studies in the following fields 

© Radioisotope Production 

® Cobalt 60 and Caesium Therapy Units 

© Gamma Irradiation Facilities 

® Portable Neutron Sources 

@ Nuclear Instrumentation 

® Radiography Equipment 

@ Custom Design Projects 

© Specialized Consultations on Tracer Prob- 
lems, Radiation Shielding 

@ Effects of Radiation on Foods, Drugs, 
Plastics and other related areas. 

This is a challenging opportunity to work in 

a Canadian company—A leader in applyin 

radioisotopes to Industrial aA onl 

Medical Uses 

If you have some experience in this field 

send inquiries to: 

Personnel Officer, 

Atomic Energy of Canada Lid., 

Commercial Products Division, 

Ottawa, Canada. 





PROFESSIONAL SERVICES 


lI. aut 











ASTRA, Inc. 

For Your Atomic Energy Problems 
Nuclear Analyses, Reactor Specifications and 
Designs, Radiation Shielding Design and Anal- 
ysis, Criticality Hazards Studies, Thermody- 
namics and Heat Transfer Analysis, Facilities 
Planning, Health Physics 
P. O. Box 226 Raleigh, North Carolina 
VAnce 8-4386 CABLE: ‘‘ASTRA"’ 








NUCLEAR TECHNOLOGY CORPORATION 
Consultants to the Nuclear Industry 
Reactor conceptual design, reactor physics, 
heat transfer and fluid flow, shielding, reactor 
mechanical design, hazards evaluation, nuclear 
economics, reactor evaluation, computer tech- 

niques 
President, Joseph De Felice 


Irvington, New York LYric 1-8820 
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PHILIPS 
& 


Even against the seemingly 
mysterious threats to human 
life which radioactivity can 
entail, health physics does not 
make use of the magic invari- 
ably resorted to by the witch 
doctor 


For the detection and meas- 
urement of radioactive radia- 
tion a great variety of methodi- 
cally developed equipment 
is available to provide an ef- 
fective health protection serv- 
ice 


The increasing application of 
radioactive sources in indus- 
trial processes and the grow- 
ing number of nuclear reac- 
tors which are coming into 
use, call for constantly intensi- 
fied care on the part of Health 
Physics Officers in their efforts 
to protect the growing num- 
bers of people coming daily 
into close contact with ton- 
izing radiation. 


modern witchcraft 


Philips produce indispensable 
aids in a range extending from 
small monitors and dosimeters 
for the protection of individual 
workers to permanent moni- 


N.V. PHILIPS’ GLOEILAMPENFABRIEKEN 
EINDHOVEN-HOLLAND 


toring, multi-channel installa- 
tions for the coverage of build- 
ings and surroundings of re- 
actors, nuclear research labora- 
tories or ‘hot labs” 


PHILIPS: 


nuclear equipment 


Particle accelerators @ Reactor control instrumentation @ Health protection and monitoring equip 
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NATURAL URANIUM PRODUCTS 


From North America’s First Uranium Producer 


URANIUM “————— YELLOW, CAKE —_______y uranium 
if Tre) 4)0): TETRAFLUORIDE 


AMMONIUM URANIUM 
DIURANATE METAL 


CERAMIC TYPE METALLIC 
FUEL ELEMENTS FUEL ELEMENTS 


CERAMIC 
UO, 


TYPICAL CERAMIC UO, ANALYSIS 


CHEMICAL SPECTROGRAPHIC 
Fe ....25.0 ppm soso) POM Mn ... 2.0 ppm 
Me .... OS 0.15 Gorn... 12 
ee  .>. Se 
» Ml @ «+0 
.0.05 Gd ... 0.02 


ELDORADO’S mining and _ refining ELDORADO is now producing the 
facilities provide integrated product highest grade nuclear purity ce- 
control from ore to finished fuel ele- ramic type uranium dioxide at the 
ments. Multiple operations such as lowest prices ever. Why not ask us 
these permit low profit margins on in- for a quotation on your natural 
dividual operations resulting in lower uranium product requirements to- 


prices to you. day? 


ELDORADO MINING AND REFINING LIMITED 


PORT HOPE, ONTARIO, CANADA 
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CARACAS 
July 1961 


LIMA 


October 1961 


RIO DE JANEIRO 
March 1961 








BUENOS AIRES 
November 1960 


peaceful uses of the atom—for medicine, agriculture, 
power, and marine propulsion—are featured in the 
nergy Commission’s Atoms at Work exhibition, which 
-long tour of South America in November. It 

hown at the Argentine Sesquicentennial Expo- 


ienos Aires. The Atoms at Work exhibit features a 
-built nuclear reactor—a relatively high-powered LOCK Fi EEK 
ctor capable of performing a wide range of experi- 


ynstrations. Lockheed Nuclear Products de- NUCLEAR PRODUCTS 


ited this pool-type reactor so that itcan be GEORGIA DIVISION, LOCKHEED AIRCRAFT CORPORATION 
: DAWSONVILLE, MARIETTA, ATLANTA 


[he entire reactor—control rod drives, 
em, and console—can be shipped in com- 


3272 Peachtree Road, N.E. Atlanta 5. 


YRIGHT AERO SERVICE CORPORATION 


Today’s growing interest in higher and higher tempera- 
ture reactor concepts has increased the critical demand 
for specialized structural materials. National Carbon 
Company's current development work has proved that 
10’ long tubular graphite can be produced with G helium 
admittance of 10-7 cm?2/sec. STP (standard tempercture 
and pressure). Actually, experimental work in the labora- 
tory has produced graphite with iower permeability. 

This fully graphitized materia! has been processed at 
temperatures well over 2500 C. Low permeability is 
achieved throughout the material and is not just a 
result of a surface condition. 

Presently, irradiation results are most encouraging. Spe- 


abate lohre Mel a-Mr Si] Mol-tlaleMelaal lili (ot i-1o Mm hal -1¢-ela- Ml dgele lor 
tions in process of graphite matrix fuel bodies encapsu- 
lated in this low permeability graphite. Fission product 
release data are being determined. 

While considerable effort is still required to reduce 
manufacturing time, Nationa! Carbon Company, through 
its research, development and production departments 
is working towards satisfying the nuclear industry’s special 
requirements for graphite. National Carbon Company, 
Division of Union Carbide Corporation, 270 Park Avenue, 
New York 17, N.Y. In Canada: Union Carbide Canada 
Limited, Toronto. 
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